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help  control  corrosion  of  hydraulic  structures  immersed  in 
either  fresh  or  salt  waters,  and  hybrid  cathodic  protection 
systems  can  contain  both  types  of  anodes.  Research 
continues  in  the  search  for  better  and  more  economical 


materials. 


This  study  documented  the  use  and  evaluated  the  field 
performance  of  impressed  current  cathodic  protection 
systems  using  ceramic-coated  anodes  made  of  a  new 
material  (titanium-based  iridium  oxide),  for  miter,  sector, 
and  tainter  gate  applications  in  Army  Civil  Works  (water 
resource)  projects.  A  cost  analysis  including  materials, 
installation,  and  power  consumption  was  done,  and  the 
new  system  was  compared  to  conventional  HSCBCI 
anode  systems. 

CP  systems  using  iridium  oxide  ceramic  anodes  for  lock 
and  dam  gates  were  found  to  be  an  effective  alternative 
to  HSCBCI  anode  systems.  The  estimated  annual  power 
cost  and  the  total  materials  and  installation  costs  of  the 
two  systems  were  estimated  to  be  approximately  equal. 
At  high-coating  efficiencies,  the  HSCBCI  anodes  were 
slightly  more  efficient  (1 .6  percent),  but  at  all  other 
coating  conditions,  the  ceramic  anode  is  more  efficient. 
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FIELD  EVALUATION  OF  CATHODIC  PROTECTION  SYSTEMS 
USING  CERAMIC-COATED  ANODES  FOR  LOCK  AND  DAM  GATES 


I  INTRODUCTION 


Background 

The  U.S.  Army  Corps  of  Engineers  (USACE)  has  used  cathodic  protection  (CP)  in  combination  with 
protective  coatings  for  the  corrosion  mitigation  of  hydraulic  structures  immersed  in  either  fresh  or  salt 
water.  Protective  coatings  are  rarely  100  percent  effective.  They  contain  pinholes,  scratches,  and 
connected  porosity  even  on  application.  As  the  coatings  degrade  with  time,  these  imperfections,  known 
as  “holidays,”  have  a  pronounced  effect  on  overall  coating  integrity  because  of  underfilm  corrosion. 


In  addition  to  its  use  with  protective  coatings,  cathodic  protection  has  been  an  effective  way  to 
control  corrosion.  Cathodic  protection  systems  consist  of  anodes  that  pass  a  protective  current  to  the 
structure,  and  a  power  source  that  provides  the  electrical  potential  and  the  current.  There  are  two  types 
of  cathodic  protection  systems:  sacrificial,  and  impressed  current.  Sacrificial  anodes  such  as  magnesium 
or  zinc  alloy  are  made  of  metals  that  corrode  (wear)  more  readily  than  the  stmcture  because  of  their  lower 
electrochemical  potential.  These  anodes  do  not  require  an  outside  power  source,  and  consequently  need 
very  little  maintenance.  Anodes  are  replaced  when  the  anode  material  is  consumed.  Impressed  current 
type  anodes  are  made  of  a  durable  material  that  suffers  little  electrochemical  wear  or  dissolution,  but  rather 
supplies  the  protective  current  provided  by  the  rectifier.  All  impressed  current  anodes  require  routine 
maintenance  since  the  system  involves  many  electrical  connections.  Hybrid  cathodic  protection  systems 
installed  on  structures  can  contain  both  types  of  anodes  to  provide  the  protective  current. 

Since  1950,  USACE  has  used  impressed  current  cathodic  protection  systems  with  graphite  or  high 
silicon  chromium  bearing  cast  iron  (HSCBCI)  anodes.  The  first  systems  were  installed  on  the  Mississippi 
River  near  Rock  Island,  IL  on  an  experimental  basis.  Since  then,  cathodic  protection  systems  have  been 
used  widely.  About  22  cathodic  protection  systems  were  installed  and  are  currently  functioning  on 
structures  on  the  Tennessee-Tombigbee  Waterway,  Alabama  River,  and  Black  Wamor  River  in  the  Mobile 
District  (Greene  and  Bushman  1991).  Cathodic  protection  systems  have  been  used  successfully  on  the 
Intercoastal  Waterway  on  seven  sector  gates  in  Florida  (Jacksonville  District)  and  on  miter  gates  in 
Louisiana  (New  Orleans  District).  Impressed  current  systems  have  also  been  installed  on  three  lock  gates 
located  on  the  Columbia  River  in  the  northwest  United  States.  Similarly,  impressed  current  systems  using 
both  graphite  and  HSCBCI  anodes  were  installed  on  lock  gates  on  the  Ohio  River  during  the  1970s. 
However,  damage  from  ice  and  debris  has  made  most  of  these  systems  inoperable. 

HSCBCI  anodes  are  made  by  a  casting  process  and  are  generally  brittle  in  nature,  resulting  in  a 
product  that  cannot  be  easily  machined  or  welded.  In  addition,  strict  quality  control  is  required  to  avoid 
the  formation  of  microcracks  in  the  anode  during  casting  and  transportation.  HSCBCI  anodes  inherently 
have  a  very  low  fracture  toughness  and  due  to  fabrication  limitations,  are  formed  in  simple  cylindrical  or 
button  shapes.  The  electrical  connection  between  the  HSCBCI  anode  and  the  electrical  cable  is  made 
mechanically,  and  caulking  compounds  are  required  to  seal  the  connection.  The  anode-to-wire  connection 
has  been  the  cause  of  past  anode  failures,  reducing  the  durability  of  the  HSCBCI  anodes  used  in  cathodic 
protection  systems  for  lock  gate  applications  (Greene  and  Bushman  1991). 

Failure  of  the  anode-to-wire  connections  and  damage  from  ice  and  debris  are  major  causes  of 
malfunction  in  cathodic  protection  systems  (Greene  and  Bushman  1991).  The  traditional  6-in.  diameter 


7 


HSCBCI  button  anode  weighs  about  18  lb,  and  requires  a  metallic  bolt  for  support.*  The  bolt  is 
electrically  isolated  from  the  anode  by  surrounding  it  with  plastic  bushings  and  by  injecting  epoxy  through 
filling  ports.  Strict  quality  control  is  required  in  field  applications  to  prevent  electrical  shorting  of  the 
anode  to  the  stmcture  (Figure  1). 

The  use  of  precious  metal-coated,  titanium-based  anode  materials  has  increased  and  has  captured 
a  larger  share  of  the  cathodic  protection  market  for  off-shore  structures,  water  tanks,  and  underground 
storage  tanks.  Precious  metal  anodes  consist  of  a  coating  of  electrically  conductive  platinmn  or  platinum 
oxide  with  a  thickness  of  approximately  0.005  in.  and  an  extremely  low  electrochemical  dissolution  rate 
(0.01  gm  per  ampere  year).  Table  1  shows  the  dissolution  rates  for  various  anode  materials. 

Since  the  early  1980s,  a  new  type  of  ceramic-coated  composite  anode  material  has  been  used  for 
various  electrochemical  processes,  particularly  in  the  electrolytic  production  of  chlorine  and  cathodic 
protection  systems  including  off-shore,  water  tank,  and  groundbed  applications.  The  mixed  metal  oxide 
(MMO)  ceramic-coated  anodes  consist  of  a  conductive  coating  of  iridium  or  ruthenium  oxide  (IrOj  and 
RUO2,  respectively)  applied  by  thermal  decomposition  onto  specially  prepared  titanium  substrates.  The 
coatings  are  applied  by  spraying  aqueous  metallic  salts  onto  the  titanium  substrates  and  then  heating  them 
to  several  hundred  degrees  Celsius.  Multiple  layers  of  coating  material  may  be  applied  by  the  process  to 
provide  a  maximum  coating  thickness  of  approximately  1  mil.  The  ceramic  and  HSCBCI  systems  need 
to  be  systematically  compared  to  determine  whether  one  type  can  offer  the  advantage  of  better 
performance  or  lower  cost. 


Objective 

The  objective  of  this  study  was  to  document  the  designs  used  and  to  evaluate  the  field  performance 
of  impressed  current  cathodic  protection  systems  using  titanium-based  iridium  oxide  ceramic-coated  anodes 
for  miter,  sector,  and  tainter  gate  applications  in  Army  Civil  Works  (water  resource)  projects.  Additional 
objectives  were  to  do  a  cost  analysis  including  power  consumption,  and  to  compare  the  use  of  titanium- 
based  iridium  oxide  ceramic-coated  anodes  to  conventional  HSCBCI  anode  systems. 


Approach 

Ceramic-coated  anodes  were  developed  for  potential  use  in  Army  Civil  Works  (water  resource) 
projects.  Impressed  current  systems  were  designed  using  mixed  metal  oxide  (ceramic)  coated  anodes. 
Special  disk  and  rod  configurations  containing  self-healing  anode-to-wire  connections  were  designed  and 
fabricated.  Draft  procurement  specifications,  documenting  the  designs,  were  developed  and  provided  to 
the  USACE  Pittsburgh  District  (Pike  Island),  Nashville  District  (Cordell  Hull),  and  Jacksonville  District 
(Cape  Canaveral).  The  impressed  current  systems  were  installed  by  the  in-house  staff  at  the  above 
locations.  The  structures  protected  were  a  miter  gate  at  Pike  Island,  a  tainter  gate  at  Cordell  Hull,  and  a 
sector  gate  at  Cape  Canaveral.  The  field  evaluation  of  the  CP  systems  included  potential  surveys,  power 
consumption  tests,  and  durability  studies. 


A  metric  conversion  table  is  provided  on  p  31. 
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Table  1 


Impressed  Current  Anode  Materials  and  Their  Dissolution  Rates 


Anode  Material 

Anode  Dissolution  Rate 
(g/amp-yr) 

High  Silicon  Cast  Iron  (HSCBCI) 

450 

Graphite 

200 

Cast  Magnetite 

40 

Lead  Silver  Alloy  (1.5  percent  Silver) 

30 

Plasma  Sprayed  Lithium  Ferrite 

1.7 

Sintered  Nickel  Ferrite 

1.6 

Platinum-Coated  Titanium 

0.01 

IrOj/TiO,  (wear  rate  in  fresh  water) 

0.006 

RuOj/TiOj  (wear  rate  in  salt  water) 

0.001 

Mode  of  Technology  Transfer 

The  technology  contained  in  this  report  will  be  used  in  updating  Corps  of  Engineers  Guide 
Specifications,  CW  16643,  “Cathodic  Protection  Systems  (Impressed  Current)  for  Lock  Miter  Gates” 
(Headquarters,  U.S.  Army  Corps  of  Engineers  [HQUSACE],  19  August  1991). 
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2  CATHODIC  PROTECTION  DESIGNS  FOR  NAVIGATION  LOCK  AND  DAM  GATES 

USING  CERAMIC-COATED  ANODES 


Ceramic-Coated  Anode  Properties  and  Configurations 

Ceramic-coated  anodes  consist  of  an  electrically  conductive  mixed  metal  oxide  (MMO)  coating 
deposited  onto  a  titanium  metal  substrate.  The  advantages  of  fabricating  anodes  from  these  materials  are 
their  very  low  resistivity  (10'^  to  10'^  ohm-cm)  and  their  very  low  dissolution  (wear)  rate.  Schrieber  and 
Mussinelli  (1986)  list  wear  rate  values  of  6  mg/A-yr  in  chloride  deficient  (fresh)  waters,  at  an  anode 
current  density  of  13.9  A/sq  ft,  and  0.5  to  1.0  mg/A-yr  in  seawater  or  brine  at  an  anode  current  density 
of  55.7  A/sq  fr  Table  1  lists  the  dissolution  rates  of  these  anode  materials.  The  hardness  of  the  mixed 
metal  oxide  ceramic  coating  is  approximately  6  on  the  Mohs  hardness  scale.  Appendix  A  lists  detailed 
cathodic  protection  design  procedures  for  Pike  Island  Auxiliary  Lock  Gate  and  Appendix  B  for  specifica¬ 
tions  for  ceramic  coated  anodes.  The  detailed  steps  for  design  of  impressed  current  cathodic  protection 
systems  using  ceramic  anodes  are  described  in  ETL  1110-9-10. 

The  first  recorded  use  of  mixed  metal  oxide  ceramic -coated  anodes  in  a  cathodic  protection 
application  was  a  seawater  installation,  in  Italy  in  1971,  where  a  deep  groundbed  filled  with  a  bentonite 
backfill  was  installed.  (Citation  to  be  provided  for  final  publication.)  The  first  cathodic  protection 
application  of  record  in  the  United  States  was  the  use  of  a  single  1  x  39-in.  tubular  titanium-based  MMO 
ceramic-coated  anode  with  a  seawater  type  ruthenium  oxide  coating,  in  an  open  hole  test  groundbed  near 
Port  Lavaca,  TX.  This  anode  was  installed  in  May  1984,  and  operated  at  about  9.0  amps  until  May  1989, 
when  it  was  removed  from  the  groundbed  after  approximately  402,000  amp-hrs  of  operation.  Six  closed 
hole  groundbeds  (with  carbonaceous  backfill)  using  tubular  mixed  metal  oxide  ceramic  anodes  were 
installed  near  Medford,  OK  in  August  1984,  and  are  still  operating  at  essentially  the  same  circuit  resistance 
as  when  installed.  These  were  the  first  ceramic-coated  anode  groundbeds  used  in  the  United  States.  There 
are  over  4000  tubular  MMO  groundbeds  currently  in  use  in  the  United  States,  operating  with  very  few 
reported  failures  (Faita,  1988). 

To  circumvent  typical  installation  concerns,  ceramic-coated  flat-disk  anodes  (Life-Saver  Anodes) 
were  developed.  These  anodes  consist  of  an  MMO  ceramic  film  deposited  onto  a  5-in.  diameter  titanium 
disk  substrate.  The  anodes  are  lightweight,  weighing  approximately  1-lb,  and  easily  installed  on  most 
Civil  Works  structures.  The  coated  substrate  is  backed  with  an  1 1.8-in.  diameter  protective  polyurethane 
disk  that  lessens  the  susceptibility  to  mechanical  damage  by  acting  as  a  cushion.  The  backing  shield  also 
improves  the  distribution  of  current  from  the  anode  to  the  protected  structure,  and  minimizes  the 
possibility  of  blistering  of  the  coating  or  paint,  which  may  result  from  hydrogen  gas  evolution  at  the 
cathode.  This  can  occur  if  the  polarized  potential  of  the  structure  exceeds  -1.20  volts  referenced  to  a 
CU/CUSO4  half-cell.  In  addition,  these  anodes  have  factory-made,  self-healing  electrical  connections  with 
a  series  of  waterproof  seals  designed  to  eliminate  problems  with  anode  shorting  and  electrical  coimection 
failure,  and  to  allow  for  underwater  installation.  Figure  2  shows  a  typical  ceramic-coated  flat-disk  anode. 
Table  2  presents  typical  Life-Saver  Anode  design  details. 

Rod-type  anodes  are  similar  to  the  flat-disk  anodes  except  that  the  MMO  ceramic  coating  is 
deposited  onto  a  4-ft  long  titanium  rod  having  male/female  connectors  to  allow  for  a  variety  of  usable 
lengths.  Because  of  its  lightweight  design,  a  19.7-ft  long  rod  assembly  weighs  only  1.2-lb,  and  can  be 
suspended  vertically  without  the  possibility  of  electrical  connection  failure.  It  should  be  noted  that 
ceramic-coated  anode  assemblies  over  30  ft  in  total  length,  used  in  fresh  water  applications,  must  use 
copper-cored  titanium  substrates  consisting  of  40  percent  titanium  and  60  percent  copper  (core).  The 
reason  for  this  is  that  the  effective  resistance  of  the  anode  assembly  should  not  be  greater  than  10  percent 
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Figure  2.  Typical  Ceramic-Coated  Flat  Disk  Anode. 


Table  2 

Life-Saver  Anode  Design  Information 


Current  Capacity 

Anode  Life 

Fresh  Water 

Brackish  Water 

Salt  Water 

20  years 

0.8  A 

3.1  A 

5.5  A 

15  years 

1.0  A 

3.4  A 

6.0  A 

10  years 

1.2  A 

4.0  A 

7.2  A 

NOTES: 

1.  Much  higher  currents  are  possible  but  the  ampere-year  specification  decreases  in  a  slightly  nonlinear  fashion  as  the 
current  is  increased.  In  fresh  waters,  it  is  usually  not  possible  to  use  the  full  current  capacity  because  of  anode 
resistance. 

2.  Active  surface  area  is  approximately  20.15-sq  in. 

3.  Suggested  operating  voltages:  20  volts  maximum  in  both  fresh  and  salt  water. 
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of  the  anode-to-electrolyte  resistance.  The  result  would  be  a  disproportionate  amount  of  current  generated 
near  the  top  of  the  anode  and  not  enough  current  discharged  near  the  bottom  of  the  anode. 

The  resistance  of  a  solid  titanium  rod  is  approximately  0.01325  ohm/ft  compared  to  the  resistance 
of  a  copper-cored  rod,  which  has  a  resistance  of  0.00085  ohm/ft.  Therefore,  a  30-ft  length  of  solid 
titanium  rod  would  have  a  total  resistance  of  approximately  0.41  ohm  compared  to  a  30-ft  length  of 
copper-cored  rod,  which  would  have  a  total  resistance  of  approximately  0.026  ohm.  Figure  3  shows  a 
typical  Expand-A-Rod.  Table  3  contains  typical  Expand-A-Rod  Anode  design  information.  Ceramic- 
coated  iridium  oxide  anodes  can  also  be  procured  in  the  continuous  rod  or  wire  form  of  0.0625  to  0.75-in. 
diameter. 


Lock  and  Dam  Designs 

For  demonstration  and  evaluation  purposes,  site-specific  complete  cathodic  protection  systems  using 
ceramic-coated  anodes  were  designed  according  to  the  plans  and  specifications  contained  in  Appendix  A 
and  installed  on  the  auxiliary  lock  miter  gate  at  Pike  Island  Lock  and  Dam,  WV  (Figures  4  and  5),  a 
tainter  gate  at  Cordell  Hull  Dam,  TN  (Figure  6),  and  a  sector  gate  at  Canaveral  Lock,  FL  (Figure  7). 


Pike  Island  Navigation  Lock  Miter  Gate  Design 

In  designing  the  cathodic  protection  system  for  the  navigation  lock  miter  gate  at  Pike  Island,  the 
water  resistivity,  immersed  area  of  the  miter  gate,  percentage  of  uncoated  or  poorly  coated  metal  (coating 
efficiency),  and  gate  geometry  directly  determined  the  number  and  location  of  anodes  necessary  to 
completely  protect  the  gate. 

On  the  skin  side  of  the  miter  gate  leaf  (the  side  without  structural  members),  flat  ceramic-coated  disk 
anodes  were  used  to  protect  all  immersed  metal  areas  except  the  beveled  quoin  and  miter  compartments 
of  the  gate.  In  these  areas,  rod  anode  strings  were  used  (Figure  5).  To  prevent  galvanic  corrosion  caused 
by  dissimilar  metals  (uncoated  stainless  steel  in  contact  with  carbon  steel)  near  the  bottom  sill  area  of  the 
gate  seal,  an  additional  number  is  required  in  this  area.  The  anodes  placed  near  the  sill  are  typically 
spaced  at  one-half  the  distance  of  the  centrally  located  anodes.  Anodes  are  generally  spaced  no  more  than 
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Figure  3.  Typical  Ceramic-Coated  Rod  Anode  Design. 
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Table  3 


Expand-A-Rod  Anode  Design  Information 


Current  Rating  in  Amperes  (20-Year  Life)  Ceramic 


Anode  Rod 

Length  (cm) 

Fresh  Water 

Sea  Water 

Brackish  Water 

Coke  Backfill 

Ceramic-Coated 

Material 

61 

1.1 

2.8 

1.6 

0.9 

Solid  Ti 

22 

2.2 

5.6 

3.3 

1.8 

Solid  Ti 

83 

3.3 

8.4 

4.9 

2.7 

Solid  Ti 

44 

4.4 

11.2 

6.6 

3.6 

Solid  Ti 

NOTES: 

1.  Connector  material  is  conductive  ceramic-coated  Ti  unless  niobium  is  specified  for  the  copper  core  rods. 

2.  Internal  rod  resistance:  solid  Ti  =  0.01325  ohm/m;  copper  core  =  0.258  ohm/m. 

3.  Copper/niobium/titanium  should  be  used  for  salt  water  as  well  as  long  anode  strings  in  fresh  water  to  keep  attenuation 
below  10  percent  or  where  higher  breakdown  voltages  are  required  (100  volt  maximum). 

4.  Copper  core  rods  have  40  percent  valve  metal  by  volume 

5.  Rods  are  typically  0.138-in.  in  diameter.  Coimectors  are  typically  0.25-in.  in  diameter. 

6.  Current  ratings  assume  no  greater  than  10  percent  attenuation  along  the  total  rod  length. 


10  ft  apart  in  fresh  water  applications  to  ensure  that  current  is  distributed  uniformly  without  causing  paint 
blistering. 

The  compartment  side  of  a  miter  gate  is  cathodically  protected  by  a  number  of  rod  anode  strings 
suspended  vertically  in  the  electrolyte.  The  length  of  the  main  anode  string  is  approximately  equal  to  the 
height  difference  between  normal  water  level  and  the  bottom  seal  of  the  gate  figure  5).  The  electrical 
connection  is  made  above  the  upper  pool  level  to  ensure  its  electrical  integrity.  At  least  one  anode  string 
is  suspended  in  each  column  of  compartments  through  holes  cut  in  the  horizontal  structural  girders  because 
there  is  not  much  spillover  of  current  fi-om  one  compartment  to  another  when  the  coating  is  waterlogged. 
This  is  necessary  to  ensure  that  all  of  the  metallic  surface  area  in  each  compartment  is  cathodically 
protected.  In  addition,  all  holes  cut  in  the  girders  must  have  a  plastic  sleeve  installed  to  ensure  that  the 
rod  anode  strings  do  not  contact  the  structure;  otherwise,  too  much  current  will  be  drawn  by  the  girder, 
which  would  be  very  near  the  anode.  This  isolation  assures  uniform  current  distribution. 


Cordell  Hull  Tainter  Gate  Design 

Cathodic  protection  system  designs  used  for  the  Cordell  Hull  tainter  gate  are  similar  to  those  used 
on  the  skin  side  of  the  miter  gate  at  Pike  Island.  The  disk  anodes  had  to  be  bent  slightly  to  follow  a  slight 
curvature  in  the  gate  contours  (Figure  6). 


Cape  Canaveral  Navigation  Lock  Sector  Gate  Design 

The  navigation  lock  sector  gates  at  Cape  Canaveral  were  protected  in  much  the  same  way  as  the 
Pike  Island  lock  miter  gate.  (The  skin  side  of  the  gate  is  protected  by  disk  anodes  while  the  compartment 
side  is  protected  by  rod  anode  strings.)  The  one  major  difference  in  designing  a  cathodic  protection 
system  for  a  sector  gate  arises  from  the  “pie-shaped”  arrangement  of  the  structural  compartments  (Figure 
7).  Each  column  of  compartments  requires  a  rod  anode  string  similar  to  the  cathodic  protection  design 
used  for  lock  miter  gates. 
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Figure  4.  Auxiliary  Lock  Miter  Gate  Design  at  Pike  Island. 


Figure  5.  Auxiliary  Lock  Miter  Gate  at  Pike  Island  Showing  Rod  Anode  Placement. 
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3  CRITERIA  FOR  FIELD  ASSESSMENT  OF  CATHODIC  PROTECTION  SYSTEMS 


Basics  of  Potential  Changes 

To  understand  the  criteria  for  cathodic  protection,  it  is  critical  to  understand  the  changes  that  occur 
in  the  electrical  potential  of  a  structure  when  the  protective  current  is  applied  to  it.  Husock  (1979) 
explains: 

It  should  be  noted  that  cathodic  protection  when  properly  applied  produces  a  change  in  the  potential  of 
a  structure  with  respect  to  reference  electrode  placed  in  the  soil  in  proximity  to  that  structure.  The 
cathodic  protection  current  makes  the  potential  thus  measured  more  negative  than  the  potential  was 
before  the  current  was  applied,  and  the  amount  of  change  produced  is  a  measure  of  the  effectiveness  of 
the  cathodic  protection  at  that  location. 

Figure  8  shows  the  changes  in  electrical  potential  of  the  structure  (with  respect  to  a  Cu/CuS04 
reference  half-eell)  that  occur  when  the  cathodic  protection  current  is  applied.  Before  current  is  applied, 
the  structure  is  at  its  original  or  “native”  potential.  When  the  current  is  applied,  there  is  a  change  in 
potential  in  the  negative  direetion  the  instant  the  current  is  turned  on.  As  the  eurrent  is  continuously 
applied  over  an  extended  period  of  time,  the  potential  tends  to  increase  negatively  beeause  of  polarization. 
According  to  Husock  (1979),  “polarization  of  a  structure  is  a  phenomenon  which  occurs  over  a  long  time 
period  and  a  structure  may  not  be  entirely  polarized  even  after  the  cathodic  protection  system  has  been 
in  operation  for  many  months.”  If  the  current  is  interrupted  after  the  structure  has  polarized,  the  potential 
becomes  less  negative  at  the  instant  of  turn-off  The  potential  then  begins  to  decay,  or  depolarize,  back 
to  the  original  or  native  potential. 


National  Association  of  Corrosion  Engineers  CP  Criteria 

For  cathodic  protection  criteria,  corrosion  engineers  typically  use  two  Recommended  Practices  (RPs) 
published  by  the  National  Association  of  Corrosion  Engineers  (NACE):  RP-01-69  (1992  Revision), 
“Control  of  External  Corrosion  on  Underground  or  Submerged  Metallic  Piping  Systems,”  and  RP-02-85, 
“Control  of  External  Corrosion  on  Metallic  Buried,  Partially  Buried,  or  Submerged  Liquid  Storage 
Systems.”  Although  there  are  some  differences  in  the  wording  of  the  two  Recommended  Practices  due 
to  the  different  structures  that  each  describes,  the  content  is  essentially  the  same  (Appendix  A). 

The  current  NACE  criteria  also  state  that  the  IR  drop  shall  be  considered  when  measurements  are 
interpreted.  Figure  8  shows  the  region  of  the  potential  as  a  iunction  of  time  curve,  which  is  considered 
to  be  the  IR  drop.  Since  the  NACE  criteria  refer  to  two  IR  drops,  the  soiFelectrolyte  IR  drop  and  the 
metal  ohmic  IR  drop,  any  attempt  to  measure  the  structure-to-soil  potential  must  take  these  IR  drops  into 
account.  Sometimes  this  can  be  achieved  by  placing  the  reference  half-cell  immediately  adjacent  to  the 
structure,  and  sometimes,  by  measuring  the  potential  instantaneously  after  the  cathodic  protection  current 
is  interrupted  (“instant  off  potential”). 


Discussion  of  the  NACE  Criteria  for  Cathodic  Protection 

Structures 

The  NACE  criteria  were  developed  for  the  corrosion  protection  of  underground  gas  pipes,  so  then- 
values  represent  the  complete  corrosion  mitigation  of  steel.  The  -0.85-volt  criterion  (as  referenced  to 
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Figure  8.  Potential  and  Potential  Shift  Criteria  for  Cathodic  Protection  of  Steel. 


CU/CUSO4)  is  the  most  conservative  criterion  of  all.  Because  voltage  gradients  and  voltage  drops  resulting 
from  the  line  currents  in  the  coated  pipeline  are  often  negligible,  the  -0.85  volt  criterion  is  well  suited  for 
use  on  coated  structures.  The  IR  drops  referred  to  are  not  usually  significant  and  the  original  native 
(static)  potentials  are  often  more  negative  than  -0.5  volts.  Therefore,  a  -0.85-volt  level  is  readily 
obtainable  on  coated  structures  with  a  reasonable  level  of  cathodic  protection  current,  without  much  risk 
of  coating  damage. 

On  a  bare  or  poorly  coated  structure,  a  -0.85  volt  criterion  may  not  be  required,  and  in  fact,  may 
be  an  excessive  and  wasteful  use  of  cathodic  protection  current  and  power.  The  excessive  requirement 
imposed  by  the  -0.85  volt  criterion  is  especially  true  on  older  bare  structures  that  have  native  potentials 
much  less  negative  than  -0.5  volt,  sometimes  approaching  -0.3  volt  (as  referenced  to  Cu/CuSOJ. 

In  relatively  deaerated  environments,  the  polarization  E  log  I  curve  often  exhibits  linear  (Tafel) 
behavior  with  increased  test  current  (Figure  9).  A  straight  line  is  usually  drawn  tangentially  to  the  Tafel 
portion  of  the  curve  and  extended  towards  the  ordinate.  From  this  Tafel  extension,  a  wide  number  of 
interpretations  are  commonly  drawn.  The  most  common  interpretation  of  the  E  log  I  curve  is  that  the 
required  current  to  achieve  complete  protection  is  that  point  where  the  tangent  to  the  Tafel  slope  breaks 
away  from  the  data.  This  occurs  at  a  current  of  approximately  100  mA  (Figure  9). 

The  validity  of  the  E  log  I  criterion  depends  on  obtaining  this  linear  (Tafel)  behavior,  which  most 
often  occurs  on  structures  exposed  to  deaerated  environments  where  the  corrosion  cell  kinetics  are 
governed  by  activation  polarization.  Tafel  behavior  is  not  to  be  expected  for  structures  exposed  to  aerated 
environments  because  the  corrosion  cell  kinetics  are  controlled  by  concentration  polarization  (e.g.,  the 
diffusion  of  oxygen  to  the  cathodic  sites  where  reduction  occurs).  At  lock  and  dam  structures,  most  of 
the  metallic  surface  area  is  considered  to  be  exposed  to  a  deaerated  environment,  although  Tafel  behavior 
is  not  frequently  observed.  Nevertheless,  E  log  I  criteria  have  been  used  by  corrosion  engineers  in 
freshwater  (Greene  and  Bushman  1991). 
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Figure  9.  E  Log  I  Polarization  Curve  Showing  Tafel  Behavior. 


For  steel  structures  in  freshwater  where  localized  corrosion  damage  is  not  critical  (as  is  the  case  with 
gas  pipes),  and  where  prolonging  the  structural  life  by  a  factor  of  two  is  desired,  the  amount  of 
polarization  current  and  the  required  potential  shift  may  be  reduced.  This  will  also  reduce  the  power  costs 
and  lower  the  risk  of  paint  blistering.  Based  on  field  experience,  it  has  been  proposed  that  an  ON 
potential  of  -0.800  mV  may  be  sufficient  for  corrosion  mitigation  of  painted  lock  and  dam  steel  structures 
immersed  in  fresh  water  (Greene  and  Bushman  1991).  Similarly,  a  polarization  decay  of  only  80  mV,  as 
compared  to  the  NACE  RP-01-69  criteria  of  100  mV  decay,  may  be  sufficient  for  lock  and  dam  structures 
in  fresh  water. 


Recommended  Sequence  for  Cathodic  Protection  System  Survey 

According  to  Greene  and  Bushman  (1991),  the  recommended  sequence  for  a  CP  system  potential 
survey  is: 

1 .  Inspect  the  physical  condition  of  the  system 

2.  Inspect  the  rectifier  and  perform  a  preliminary  potential  survey,  recording  the  “as  found”  values 

3.  Confirm  the  readings  using  a  voltmeter  and  ammeter 

4.  Measure  the  anode  outputs  at  the  junction  box 

5.  Adjust  the  rectifier  DC  voltage  or  current  and  anode  outputs  at  the  junction  box 

6.  Allow  the  readings  to  stabilize  at  least  4  hours  for  well  coated  stmctures;  more  for  older, 
waterlogged  coatings 

7.  Conduct  a  detailed  potential  survey  and  record  the  values. 
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In  the  preliminary  test,  potential  measurements  are  conducted  in  the  most  likely  high  and  low 
polarization  buildup  locations.  The  highest  polarization  is  near  the  anode  and  the  lowest  polarization  is 
farthest  from  the  anode  locations  (near  large  bare  steel  regions).  The  rectifier  and  the  junction  box  are 
adjusted  to  bring  the  potential  at  the  farthest  location  to  meet  the  selected  criteria  without  increasing  the 

potential  at  the  nearest  location  to  more  than  -1.2  volt  (Instant  Off  Potential  [lOP]  value)  to  avoid  any 

paint  damage  due  to  blistering.  Sometimes  a  compromise  is  reached  between  the  highest  and  lowest 
polarization  buildup.  After  adjusting  the  rectifier  and  the  junction  box,  the  structure  is  allowed  to  stabilize. 
It  may  take  a  few  hours  or  a  few  days  for  the  new  polarization  buildup  to  equilibrate.  Well  coated 
structures  may  stabilize  in  4  to  6  hours  and  old  waterlogged  coatings  may  take  a  few  days.  After 
adjustment  and  stabilization,  a  detailed  survey  is  conducted  to  record  potential  values  at  regular  intervals 
on  a  grid  pattern. 
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4  POTENTIAL  SURVEY  RESULTS 


Potential  Survey  Instrumentation 

Potential  surveys  were  conducted  by  qualified  contractors  in  1989  and  1990.  For  the  fresh  water 
measurements  at  Pike  Island  and  Cordell  Hull,  a  Fluke  Model  75  digital  voltmeter  (DVM)  with  an  11 
megohm  input  resistance  was  used  to  read  the  potential  difference  between  the  cathodically  protected 
structure  and  a  reference  half-cell.  This  CU/CUSO4  reference  half-cell  was  a  Harco  Permacell,  Model 
IHRP-801  with  a  ±  5  mV  stability.* **  For  the  salt  water  measurements  at  Cape  Canaveral,  the  same  Fluke 
Model  75  DVM  was  used  in  conjunction  with  a  Harco  Permacell,  Model  IHRP-803  Ag/AgCl  reference 
half-cell.  To  keep  the  potential  readings  consistent  in  the  appendices,  71  mV  was  added  to  the 
measured  with  the  Ag/AgCl  halfK:ell.  This  71  mV  value  is  a  conversion  factor  between  the  Ag/AgCl  half¬ 
cell  readings  and  Cu/CuSO^  half-cell  readings. 

Native  Potential  Data 

The  native  potential  data  represents  the  average  native  potentials  of  the  gate  structure  with  no 
cathodic  protection  on,  with  respect  to  a  reference  half-cell  such  as  Cu/CuSO^. 


ON  Potential  Data 

The  ON  potential  values  are  the  potentials  of  the  structure  (cathode)  with  the  CP  current  on.  It  is 
not  an  “IR  free”  reading  and  includes  IR  drops  in  the  electrolyte  and  does  not  represent  a  true  polarized 
potential  at  the  structure. 

lOP  Data 

The  lOP  measurements  are  taken  with  zero  current  flowing  to  the  structure  from  the  anode,  shown 
as  the  minimum  (flat  portion)  of  the  rectified  sinusoidal  waveform.  This  can  be  accomplished  by  using 
a  Xetron  CP  Analyzer  or  a  Wave  Form  Analyzer  (WAFA).  These  specialized  instruments  ^e 
commercially  available  with  electronic  circuitry.  The  instant  off  potential  data  can  also  be  obtained  with 
an  oscilloscope. 

OFF  Potential  Data 

The  OFF  potential  was  measured  with  a  DVM  to  compare  its  value  with  the  lOP  value.  The  Off 
potential  values  are  lower  down  on  the  decay  curve  since  the  measurements  are  made  a  second  or  two 
after  the  CP  current  is  interrupted,  as  shown  in  Figure  8.  This  allows  time  for  the  structure  to  depolarize, 
making  the  observed  readings  slightly  lower  than  the  lOP. 

During  the  1991  surveys,  the  lOPs  were  measured  using  a  Xetron  Model  730  Cathodic  Protection 
Analyzer.  These  values  were  compared  to  measurements  taken  with  a  Leader  LCD- 100  Digital  Storage 
Oscilloscope  in  conjunction  with  the  appropriate  voltage  offset  circuitry  to^provide  a  4  mV  resolution,  to 
verify  that  current  was  not  flowing  to  the  structure  during  measurement.  All  potential  readings  con¬ 
tained  in  Appendices  B  through  I  are  negative  numbers  as  referenced  to  either  a  CU/CUSO4  or  Ag/AgCl 
reference  half-cell,  even  though  the  signs  have  been  omitted  for  simplification.  The  potentials  recorded 
in  the  ON  columns  were  measured  with  the  DVM  and  a  reference  half-cell  with  the  rectifiers  on,  with  no 


*Ruke,  PO  Box  C9090,  Everett,  WA  98206;  Harco,  1365  Wiley  Rd,  Suite  145,  Schaumberg,  IL  60173. 

**Xetron  Corp.,  40  West  Crescentville  Rd.,  Cincinnati,  OH  45246. 
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compensation  for  IR  drop  due  to  the  reference  half-cell  location  relative  to  the  structure.  The  potentials 
recorded  in  the  OFF  columns  were  measured  with  the  second  reading  of  the  update  of  the  DVM  after  the 
rectifier  current  had  been  interrupted. 


Pike  Island  Auxiliary  Navigation  Lock 

A  rehabilitation  of  the  auxiliary  lock  miter  gates  at  Pike  Island  was  conducted  in  August  1986.  It 
should  be  noted  that  the  auxiliary  lock  gates  at  Pike  Island  were  not  repainted  during  the  lock 
rehabilitation  (neither  were  the  main  lock  gates).  The  existing  paint  is  over  20  years  old  and  appears  to 
be  in  good  condition,  although  it  is  waterlogged.  Only  those  areas  where  the  paint  had  been  destroyed 
due  to  structure  modification  during  rehabilitation  were  repainted.  The  Pike  Island  miter  gate  design 
(Figures  4  and  5)  was  used  for  the  upstream  gate/downstream  side  of  the  river  wall  (USG/DSS/RW).  To 
compare  cost  and  alternative  system  designs,  the  other  three  leaves  had  the  following  modifications  to  the 
original  design  (Figure  5): 

1.  Four  strings  of  rod  anodes  were  installed  in  the  center  section  on  the  compartment  side  of  the 
gates,  instead  of  eight  for  the  USG/DSS/RW. 

2.  The  rod  anode  strings  were  not  divided  as  with  the  USG/DSS/RW  where  the  bottom  two  com¬ 
partment  anodes  of  each  rod  string  had  separate  leads.  This  design  of  using  two  separate  leads  for  each 
column  allows  for  current  output  flexibility  by  independently  controlling  the  current  flowing  to  the 
stainless  steel  seal  area  near  the  bottom. 

3.  Slots,  instead  of  holes,  were  used  on  the  USG/DSS  perforated  polyvinyl  chloride  (PVC) 
protection  tubes  because  of  ease  of  machining. 

4.  Commercially  available,  two  circuit  rectifiers  with  fixed  voltage  taps  were  used  instead  of  the 
four  circuit,  constant  voltage/constant  current  rectifiers  that  were  used  on  the  USG/DSS/RW,  due  to  ease 
in  procurement.  They  were  “off-the-shelf’  items  with  short  procurement  lead  time. 

After  dewatering,  significant  galvanic  corrosion  was  observed  under  the  gate  near  the  stainless  steel 
seal,  due  to  the  presence  of  dissimilar  metals.  Therefore,  several  magnesium  anodes  were  added  on  the 
downstream  side  (under  the  gates)  in  1986.  This  was  necessary  because  it  was  not  possible  to  alter  the 
existing  design  of  the  ceramic-coated  anode  system  by  installing  additional  anodes.  (The  design  for  the 
main  lock  rehabilitation  at  Pike  Island  implemented  in  August  1988  included  ceramic-coated  disk  anodes 
under  the  gate  for  this  purpose).  The  potential  survey  data  (Appendix  C)  show  that  the  addition  of  the 
magnesium  anodes  had  little  effect  on  the  overall  polarized  potential  values  of  the  structure  at  this  time. 
However,  with  additional  coating  degradation,  these  magnesium  anodes  will  still  protect  the  steel  near  the 
sill. 


During  August  1989,  747  potential  values  (ON,  OFF,  and  polarization  DECAY)  were  measured  over 
the  surface  of  the  gates  including  the  quoins  and  miters  (Appendix  C).  Note  that  the  recorded  data  for 
the  upstream  sides  of  the  miter  gates  at  Pike  Island  starts  at  the  sill  (bottom)  and  continues  up  in  3-ft 
intervals  until  the  surface  upper  pool  level  is  reached.  The  OFF  potential  data  shows  that  97  percent  of 
the  points  meet  the  -0.85  volt  criteria,  and  99  percent  meet  the  100  mV  shift/decay  criteria.  The  total 
power  required  for  protection  of  all  four  gates  is  2600  watts,  as  measured  on  the  secondary  side  of  the 
rectifier. 
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1991  Repair  Made  to  CP  System  at  Pike  Island 

Prior  to  discussing  the  potential  survey  data  taken  on  15  February  1991  and  12  June  1991,  it  is 
necessary  to  describe  a  repair  made  to  the  perforated  PVC  pipe  and  steel  half  shell  support  pipe  that 
housed  the  anode.  A  wooden  log  became  trapped  between  the  lock  wall  and  the  upstream  surface  of  the 
USG  near  the  quion  end  of  the  miter  gate  when  it  was  opened.  This  broke  the  perforated  PVC  pipe  and 
bent  its  associated  steel  half-shell  support,  located  next  to  the  quoin  of  the  upstream  gate/upstream 
side/island  wall  (USGAJSS/IW).  The  repair  was  made  on  12  June  1991.  The  ceramic -coated  titanium 
rod  anodes  did  not  need  to  be  replaced,  and  were  reinstalled  in  the  new  flexible  polyethylene  (PE)  pipe. 
The  following  is  a  description  of  the  repair  procedure: 

1.  The  existing  rod  anode  string  was  pulled  up. 

2.  The  broken  section  of  3-in.  diameter  PVC  perforated  pipe  was  removed. 

3.  The  damaged  section  of  4-in.  diameter  steel  half  shell  pipe  was  removed  with  a  cutting  torch. 

4.  The  remaining  PVC  pipe  was  again  supported  with  appropriate  clamps. 

5.  The  junction  box  was  rewelded  to  the  gate  at  the  top  of  pipe. 

6.  Paint  was  applied  to  the  freshly  welded  and  torch-cut  areas. 

7.  The  length  of  the  2-in.  diameter  perforated  PE  pipe  required  to  replace  the  broken  PVC  section, 
was  determined.  It  extended  far  enough  into  the  remaining  PVC  pipe  so  that  if  it  were  flexed  it  would 
not  pull  out  of  the  pipe.  PE  pipe  was  chosen  because  of  its  excellent  elongation  characteristics. 

8.  1-in.  diameter  holes  were  drilled  on  1.5-in.  centers  on  3  sides,  90  degrees  apart  in  the  pipe, 
except  for  the  portion  that  fit  into  the  remaining  PVC  pipe.  NOTE:  If  the  PE  pipe  passes  through  the 
bulkhead,  holes  would  not  be  drilled  for  6-in.  above  and  6-in.  below  the  bulkhead. 

9.  The  2-in.  diameter  perforated  PE  pipe  was  installed  so  that  it  extended  several  feet  into  the  3-in. 
diameter  PVC  pipe.  The  blank  side  of  the  PE  pipe  (the  side  without  holes)  was  installed  facing  towards 
the  back  of  the  compartment. 

10.  The  PE  pipe  was  anchored  at  the  top  by  means  of  a  1-in.  diameter  steel  pipe,  perpendicular 
through  the  PE  pipe.  This  is  located  inside  the  junction  box  at  the  top  of  pipe  after  it  passes  through  the 
last  bulkhead.  The  length  of  the  bar  was  sized  to  just  fit  the  width  of  the  junction  box.  (If  necessary,  the 
newly  installed  PE  pipe  can  now  be  replaced  from  the  top  where  it  is  anchored.) 

1 1 .  Perforations  in  the  portion  of  PE  pipe  inserted  inside  the  PVC  pipe  were  drilled  through  existing 
holes  so  that  new  and  old  holes  were  aligned. 

12.  All  of  the  original  ceramic-coated  anodes  were  reused  for  replacement. 

13.  The  operation  of  the  CP  system  was  verified  by  potential  measurements. 

The  durability  of  the  ceramic-coated  titanium  rod  anodes  was  demonstrated  at  Pike  Island  when  the 
steel  bumper  pipe  was  bent  by  a  log,  but  the  anode  rod  remained  undamaged  and  continued  to  provide 
protection.  This  anode  was  reused  after  repair  was  made  to  the  protective  pipe. 
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The  lOP  data  contained  in  Appendix  D  for  both  the  15  February  1991  and  12  June  1991  surveys 
indicates  that  in  all  cases,  either  one  or  both  of  the  following  NACE  criteria  were  met  or  exceeded:  (1) 
a  negative  cathodic  voltage  of  at  least  0.85  volts  as  measured  between  the  structure  surface  and  a 
CU/CUSO4  reference  half-cell,  and  (2)  a  minimum  negative  polarization  voltage  decay/buildup  of  100  mV. 
By  meeting  a  -0.85  volt  lOP,  the  -0.85  volt  NACE  criteria  have  been  more  than  satisfied  since  the  IR  drop 
was  considered  in  the  readings.  All  of  the  lOP  readings  meet  the  100  mV  polarization  decay  criteria, 

when  the  native  potential  values  are  subtracted  from  the  polarized  lOP  values  at  the  same  position  on  the 
grid  (Figure  8). 

More  than  750  potential  values  (ON,  OFF,  and  lOP)  were  measured  on  the  lock  gate  surface, 
including  the  quoins  and  miters.  The  rectifier  data  in  Appendix  D  shows  an  increase  in  the  anode  current 
for  both  the  rod  strings  and  disk  anodes  from  15  February  1991  to  12  June  1991  before  adjustment.  The 
measured  anode  current  for  circuit  no.  1  (rod  anode  strings)  was  10.24  amp  on  15  February  1991,  and 
increased  to  31  amp  on  12  June  1991  before  adjustment.  This  represents  a  202  percent  increase  in  the 
anode  current.  The  current  for  the  disk  anodes  increased  from  0. 18  amp  on  15  February  1991  to  0.48  amp 
on  12  June  1991.  This  represents  a  167  percent  increase  in  anode  current,  with  an  average  lOP  value  of- 
1.20  volts  measured  for  the  gate  face  on  12  June  1991  before  adjustment.  Note  that  a  major  portion  of 
the  increase  in  the  average  lOP  was  primarily  due  to  the  increase  in  the  rod  anode  current  of  circuit  no.  1. 

Factors  such  as  temperature,  environmental  pH,  cathode  surface  area  (related  to  coating  condition), 
electrolyte  resistivity,  and  degree  of  aeration  can  affect  the  anode  current  required  for  complete  cathodic 
protection.  Increasing  temperature  tends  to  depolarize  the  structure  because  of  the  increased  diffusion  rate 
of  the  reducible  species  to  the  cathodic  sites.  Subsequently,  the  rate  of  the  reduction  reaction  is  increased. 
Figure  10  shows  this  relationship,  where  E^p  is  the  polarized  cathodic  potential,  E.  ^,  is  the  native  cathodic 
potential,  E^^^  is  the  native  anodic  potential,  and  is  the  current  required  for  protection.  The  numerical 
subscripts  represent  the  two  different  temperature  regimes.  The  slope  of  the  low  temperature  regime  line 
shows  that,  in  low  temperature  conditions,  changes  in  temperature  have  little  effect  on  the  current 
requirements.  Conversely,  the  slope  of  the  high  temperature  regime  line  shows  that,  for  high  temperature 
conditions,  the  required  current  is  greatly  affected  by  changes  in  temperature.  When  the  rate  of  the 
reduction  reactions  increase,  the  level  of  polarization  decreases,  increasing  the  current  required  for 
protection.  As  a  result,  more  current  is  needed  to  polarize  a  structure  in  the  summer,  when  temperatures 
are  higher,  than  in  the  winter  (NACE  1986).  Therefore,  the  167  percent  increase  in  anode  current  from 
February  1991  to  June  1991  can  be  explained  by  the  increase  in  the  water  temperature. 


Cordell  Hull  Tainter  Gate 


Ceramic-coated  disk  anodes  were  mounted  at  the  locations  shown  in  Figure  6,  and  the  individual 
leads  were  brought  to  the  junction  box.  With  this  design,  the  current  passing  through  each  anode  can  be 
conveniently  monitored  at  this  junction  box.  The  anodes  are  divided  into  circuits  in  the  junction  box  and 
proceed  to  a  constant  current  rectifier.  Circuit  no.  1  powers  the  eight  anodes  located  alongside  the  chains 
(zone  1),  and  circuit  no.  2  powers  the  seven  anodes  located  along  the  sill  and  the  anode  in  the  north 
comer.  Circuit  no.  3  powers  the  rest  of  the  anodes.  There  is  no  ceramic-coated  anode  on  the  south 
comer;  instead  a  small  magnesium  block  anode  was  placed  there.  Figure  6  shows  the  layout  of  the  26 
ceramic  disk  anodes,  which  corresponds  to  the  data  contained  in  Appendices  E  and  F. 

The  data  was  gathered  on  three  different  testing  dates:  the  NATIVE  potentials  were  taken  during 
May  1988  (Appendix  E),  and  the  ON  and  OFF  potential  measurements  were  made  on  25  August  1989 
(Appendix  F)  and  4  March  1991  (Appendix  G).  The  NATIVE  and  OFF  potential  data  tabulated  in  1988 
for  the  Cordell  Hull  tainter  gate  is  contained  in  Appendix  E. 
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Figure  10.  Effect  of  Temperature  on  Current  Required  for  Complete  Cathodic  Protection, 


The  1989  lOP  data  contained  in  Appendix  F  demonstrates  that  the  entire  tainter  gate  at  Cordell  Hull 
meets  either  the  100  mV  polarization  decay/shift  criteria  and/or  the  -0.85  volt  criteria.  Measurements 
taken  at  the  terminal  box  shunts  indicate  that  all  anodes  are  functioning  except  for  one  disk  anode  (no. 
23).  This  anode  was  not  operational  because  it  had  been  disconnected  during  maintenance  of  the  gate  and 
was  never  reconnected.  Appendix  F  also  contains  an  actual  polarization  decay  chart.  The  particular  point 
used  to  record  data  for  the  decay  chart  was  located  at  the  center  of  the  gate  between  two  anodes,  and 
registered  a  decay  shift  of  244  mV  after  6  hours. 

The  Cordell  Hull  CP  system  continues  to  function  effectively,  as  shown  by  the  March  1991  potential 
survey  data.  This  CP  system  has  now  been  in  operation  for  over  4  years.  The  IR  corrected  lOP  data 
contained  in  Appendix  G  indicates  that  essentially  the  entire  tainter  gate  at  Cordell  Hull  meets  either  the 
-0.85  volt  criteria  and/or  the  100  mV  shift  criteria.  The  only  exceptions  are  a  97  mV  decay  reading  at 
the  sill  area  and  a  79  mV  decay  reading  at  location  1  (15-ft.  depth).  This  is  because  anode  no.  23  was 
never  reconnected.  The  rectifier  is  operating  efficienUy,  requiring  only  40  W  of  power  to  protect  the 
structure. 


Cape  Canaveral  Lock  Sector  Gates 

The  system  at  this  site  required  less  mechanical  protection  than  at  any  of  the  other  sites  because  of 
the  lack  of  icing  conditions  and  debris.  Disk  anodes  were  used  on  the  skin  plate  and  rod  anodes  were 
used  to  protect  the  web  area.  Ten  disk  anodes  were  mounted  on  the  skin  side  of  each  of  the  four  sector 
gates.  Nine  strings,  8-ft  in  length,  each  with  a  total  weight  of  3  lb,  were  hung  in  the  web  area.  The 
ceramic-coated  rod  anodes  were  considerably  easier  to  install  than  the  sacrificial,  250-lb  zinc  anodes  that 
were  previously  used. 
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Since  there  was  going  to  be  a  period  of  approximately  6  months  before  the  impressed  current  system 
could  be  energized,  a  few  sacrificial  zinc  anodes  were  installed  to  cathodically  protect  the  sector  gate  in 
the  interim.  This  later  proved  to  be  a  hinderance  during  initial  adjustment  of  the  impressed  current  system 
as  these  anodes  interfered  with  the  gate  potential  measurements.  The  system  was  readjusted  in  August 
1988  after  the  zinc  anodes  had  been  removed.  Since  there  are  concerns  of  overprotection  even  at  levels 
slightly  more  negative  than  -0.85  volt  in  a  salt  water  environment,  care  was  taken  to  set  the  system  lower 

than  -0.85  volt  with  respect  to  CU/CUSO4.  The  zoned  system,  designed  with  constant  current  rectifiers, 
provided  the  flexibility  needed  to  completely  protect  the  structure.  The  system  was  tested  and  re-adjusted 

over  a  period  from  27-29  August  1989.  All  parts  of  the  gate  meet  the  NACE  criteria  of  100  mV  decay 
(Appendbc  H). 

During  the  potential  survey  on  25  February  1991,  the  CP  system  needed  some  maintenance  because 
one  of  the  Life-Saver  Anodes  was  not  functioning.  Analysis  by  a  Corps  diver  (confirmed  by  the  diver 
under  contract)  at  the  time  of  the  survey,  revealed  that  the  anode  cable  had  been  accidently  clamped  under 
the  compression  cap  during  the  underwater  installation  4  years  ago.  The  diver  replaced  the  connector 
cable,  restoring  anode  operation.  The  design  of  the  underwater  cable  connection  on  the  Life-Saver  Anode 
allows  for  this  t3^e  of  simple  maintenance. 

During  the  February  1991  survey,  it  was  also  discovered  that  four  of  the  10-tum  current  control 
adjustments  on  the  gate  3  rectifier  were  not  functioning.  This  meant  that  either  the  rectifier  control  bridge 
or  the  potentiometer  for  those  four  circuits  was  bad.  Replacement  parts  were  not  available,  so  the  four 
LSA  disk  anodes  continued  to  operate  at  a  40  percent  reduction  in  power.  The  reduced  power  to  these 
anodes  appeared  to  have  little  affect  on  the  overall  gate  potential  readings  since  current  distribution  is 
excellent  in  salt  water.  The  rectifier  was  repaired  in  June  1991  by  replacing  the  control  bridge  and 
connecting  it  to  a  winding  on  the  other  transformer.  All  of  the  rectifiers  were  updated  with  fuses  in  the 
control  circuits  to  prevent  the  transformers  from  burning  out  in  case  the  control  bridges  were  to  short  out. 

As  mentioned  above,  the  potential  survey  was  conducted  after  the  anode  current  was  reduced  about 
40  percent.  The  potential  survey  data  contained  in  Appendix  I  indicates  that  a  further  reduction  in  the 
anode  current  was  required  due  to  polarization  buildup.  The  potentials  should  be  around  -0.780  v 
(referenced  to  a  Ag/AgCl  half-cell)  as  compared  to  their  present  values,  which  are  in  the  range  of -0.950 
to  -0.999  V.  In  June  1991,  after  the  rectifier  repair,  the  current  was  reduced  and  another  survey  was  taken. 
The  results  are  contained  in  Appendix  J. 
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5  COST  ANALYSIS  AND  DISCUSSION  OF  CERAMIC  ANODE  AS  COMPARED  TO 
HSCBCI  ANODE 


This  chapter  presents  a  comparison  of  power  consumption,  durability,  and  installed  costs  of  ceramic 
anodes  and  HSCBCI  cathodic  protection  systems  for  lock  and  dam  gates. 


Power  Consumption  Comparison  Between  Ceramic-Coated  and  HSCBCI 


Anodes 

The  power  consumption  P  is  given  by: 

P=  I^Rj 


[Eql] 


where  I  is  the  total  protective  current  through  the  cathodic  protection  circuit,  and  Rj  is  the  total 
resistance  of  the  circuit. 

Current  requirements  can  be  calculated  based  on  coating  efficiency  and  current  density  (current  per 
square  foot).  The  efficiency  of  the  coating  will  have  a  direct  effect  on  the  total  current  requirement,  as 
Equation  2  shows: 

I=AI(1.0-CE) 


where  I  is  total  protective  current,  A  is  total  structure  surface  area  (sq  ft),  I  is  required  current  density, 
and  CE  is  coating  efficiency. 

Coating  efficiency  is  directly  affected  by  the  type  and  age  of  coating  used  and  by  quality  control 
during  coating  application.  Coating  efficiency  can  vary  from  1.0  for  freshly  painted  surfaces  to  0.0  for 
bare  steel.  For  newly  painted  surfaces,  the  current  required  for  cathodic  protection  is  infinitely  small.  The 
importance  of  coating  efficiency  is  evident  in  the  fact  that  a  bare  structure  may  require  100,000  times  as 
much  current  as  would  the  same  structure  if  well  coated  and  new.  Waterlogged  and  aged  coatings  can 
require  current  densities  as  high  as  6  mA/sq  ft. 

Table  4  summarizes  the  annual  cathodic  protection  power  costs  for  a  ceramic-coated  anode  system 
and  an  equivalent  HSCBCI  anode  system.  The  detailed  calculations  are  shown  in  Appendix  M.  Table  4 
and  Figure  1 1  show  that,  for  a  coating  efficiency  of  50  percent,  the  annual  power  cost  for  the  ceramic- 
coated  system  is  17  percent  lower  than  for  an  equivalent  CP  system  using  HSCBCI  anodes.  However, 
at  a  coating  efficiency  of  95  f)ercent,  the  power  cost  is  slightly  higher  (1.6  jjercent)  for  the  ceramic-coated 
anode  system  than  for  an  equivalent  HSCBCI  system. 

Ceranode  Technologies*  performed  an  anode  power  consumption  test  that  compared  a  ceramic- 
coated  disk  anode  and  HSCBCI  button  anode.  Both  of  these  anodes  were  alternately  installed  on  a  12-ft 
X  12-ft  painted  steel  plate  raft  in  fresh  water,  with  concentric  bare  metal  circular  stripes  simulating 
holidays.  Appendix  L  contains  the  results  of  this  test.  These  results  show  that  the  power  consumed  by 
the  ceramic-coated  disk  anode  was  1.07  W  as  compared  to  1.25  W  for  the  K6  HSCBCI  2  button  anode. 
To  achieve  a  100  mV  polarization  decay  at  a  5-ft  radius,  mark  from  the  center  of  the  anode.  The  ceramic- 


*  Ceranode,  Division  of  APS  Technology,  153  Walbrook  Ave,  Dayton,  OH  45405. 
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Table  4 


Summary  of  Annual  Cathodic  Protection  Power  Costs  for  HSCBCI  Anode  System  and  Ceramic-Coated  Anode  System 


HSCBCI  Anode  Option  Ceramic-Coated  Titanium  Anode  Option 


Gate  Surface 

95%  Coated 

80%  Coated 

50%  Coated 

95%  Coated 

80%  Coated 

50%  Coated 

USGAJS  Skinplale 

$  0.34 

$  3.26 

S  17.63 

$  0.57 

$6.33 

$  36.11 

USG/US  Chambers 

$  0.15 

$  1.05 

$4.88 

$  0.16 

$  0.84 

$  3.12 

USG/DS  Sillplate 

$  0.05 

$  0.42 

$  2.16 

$  0.08 

$  0.82 

$  4.51 

USG/DS  Chambers 

$  1.90 

$  20.26 

$  113.83 

$  1.55 

$  11.83 

$  58.03 

DSG/US  Skinplale 

$  0.45 

$4.35 

$  23.61 

$  0.71 

$  8.52 

$  49.64 

DSGAJS  Chambers 

$  0.18 

$  1.25 

$  5.74 

$  0.20 

$  1.04 

$3.86 

DSG/DS  Sillplate 

$  0.05 

$  0.42 

$  2.16 

$  0.08 

$  0.82 

$4.51 

DSG/DS  Chambers 

$  1.07 

$  10.89 

$60.27 

$0.91 

$6.69 

$  31.82 

Total  power  cost  for 
each  alternative 

$  4.19 

$  41.90 

$  230.28 

$  4.26 

$36.89 

$  191.60 

Notes: 

1.  See  Appendix  M  for  detailed  calculations. 

2.  Power  costs  were  calculated  using  an  electric  utility  rate  of  $  0.07/kWH. 

3.  Power  requirements  included  calculation  of  anode-to-cathode  back  emf,  anode-to-electrolyte  resistance,  anode  lead  wire 
resistance  and  resistance  to  current  flow  through  the  anode  plastic  pipe  protector  holes  for  those  anodes  so  equipped. 

4.  Cathode  (structure)  resistance  was  not  included  in  the  calculation  since  it  was  considered  negligible  and  equal  for  both 
alternatives. 

5.  The  variation  in  relative  power  cost  is  due  to  the  slightly  higher  anode-to-cathode  back  emf  for  the  ceramic  anode 
material  as  compared  to  the  HSCBCI  material. 

6.  For  coatings  that  have  a  90  percent  or  lower  efficiency,  the  ceramic  anode  design  considered  in  the  study  will  have  the 
lowest  power  cost.  For  higher  coating  efficiencies,  the  HSCBCI  anode  material  will  have  a  slightly  lower  (but  negligible) 
power  cost. 


coated  disk  anode  had  a  slightly  lower  power  consumption  as  compared  to  the  HSCBCI  button  for  the 
same  coating  efficiency. 


Installed  Cost  Comparison 

Table  5  contains  the  co.st  estimates  for  each  alternative  anode  material  and  corresponding  installation 
labor.  (Appendix  M  contains  detailed  estimates.)  Cost  estimates  were  computed  for  both  the  upstream 
and  downstream  surfaces  of  the  upper  and  lower  gate  leafs.  For  the  HSCBCI  anode  system,  the  costs 
were  based  on  the  specifications  contained  in  Corps  of  Engineer  Guide  Specification  CW  16643, 
“Cathodic  Protection  Systems  (Impressed  Current)  For  Lock  Miter  Gates.”  For  the  ceramic-coated  anode 
CP  system,  the  costs  were  based  on  the  Pike  Island  auxiliary  lock  Plans  and  Specifications. 

The  total  cost  of  the  HSCBCI  anode  system  (button  and  strings)  is  $253,329.13.  The  total  cost  of 
a  typical  ceramic-coated  anode  system  (LSA  disks  and  Expand-A-Rod  strings)  is  $257,006.75.  The  total 
cost  of  the  alternate  ceramic-coated  anode  system  (LSA  disks  and  continuous  titanium  wire)  is 
$235,948.69.  The  difference  in  cost  between  the  HSCBCI  and  ceramic-coated  anode  systems  is  based 
partially  on  the  labor  costs  involved  in  installing  the  anodes  for  the  CP  systems  (Table  5).  The  difference 
in  system  cost  between  the  two  ceramic-coated  anode  systems  (Expand- A-Rod  versus  the  continuous  wire) 
is  based  on  the  anode  material  cost  (Appendix  M).  Both  ceramic-coated  anode  systems  (rod  and  wire) 
can  be  installed  and  maintained  by  nonspecialized,  in-house  staff 
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Annual  Cathodic  Protection  Power  Cost  ($Dollars) 


Percent  Coating  Intact 

Figure  11.  Cathodic  Protection  Power  Cost  Estimates  for  HSCBCI  and  Ceramic-Coated  Anodes. 


Table  5 

Summary  of  Cost  Estimates  for  HSCBCI  and  Ceramic-Coated  Anode  CP  Systems 


HSCBCI  (Button/String)  Ceramic  (LSA  Disk  and  Ceramic  (LSA  Disk  and 

Expand-A-rod)  Continuous  Rod) 


Gate  Surface 

Labor 

Materials 

Labor 

Materials 

Labor 

Materials 

USSAJSG 

$30,030.00 

$32,435.11 

$21,153.00 

$40,846.94 

$21,135.00 

$36,368.29 

DSS/USG 

$26,680.50 

$30,994.57 

$21,095.00 

$37,894.94 

$21,095.00 

$28,919.23 

USS/DSG 

$34,034.00 

$38,120.57 

$23,023.00 

$48,124.19 

$23,023.00 

$42,794.08 

DSS/DSG 

$34,116.50 

$26,917.87 

$23,105.00 

$41,764.18 

$23,105.50 

$39,490.59 

Total  cost  $253,329.12  $257,006.75  $235,948.69 
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6  CONCLUSIONS  AND  RECOMMENDATIONS 


This  study  concludes  that: 

1 .  The  ceramic-coated  anode  systems  installed  on  the  Pike  Island  auxiliary  miter  gate,  the  Cordell 

Hull  tainter  gate,  and  the  Cape  Canaveral  sector  gate  are  functioning  as  designed.  The  potential  surveys, 
after  adjustment  to  the  rectifiers,  meet  the  National  Association  of  Corrosion  Engineers  (NACE  1992) 
criterion  of  100  mV  polarization  decay  or  at  least  -0.85  volts  as  measured  between  the  structure  and  a 
CU/CUSO4  reference  half-cell  contacting  the  electrolyte  at  the  Pike  Island  Auxiliary  lock  miter  gate  and 
the  Cape  Canaveral  sector  gate.  The  tainter  gate  at  Cordell  Hull  essentially  meets  the  100  mV  polarization 
decay  criteria  except  for  two  locations  that  were  slightly  below  the  1 00  mV  polarization  decay  due  to  one 
damaged  anode  disk. 

2.  The  total  materials  and  installation  costs  of  the  ceramic -coated  anode  systems  are  estimated  to 
be  approximately  equal  (±  10  percent)  to  the  equivalent  HSCBCI  anode  system. 

3.  The  estimated  annual  power  cost  for  the  ceramic-coated  anode  system  is  approximately  equal 
to  an  equivalent  CP  system  using  HSCBCI  anodes.  At  high  coating  efficiencies,  the  HSCBCI  anodes  are 
slightly  more  efficient  (1.6  percent),  but  at  all  other  coating  conditions,  the  ceramic  anode  is  more 
efficient. 

4.  The  self-healing  titanium  anode-to-wire  connections  allow  the  ceramic-coated  disk  anodes  to  be 
installed  underwater  without  the  expense  of  dewatering.  This  was  validated  at  Pike  Island  and  Cape 
Canaveral. 

It  is  recommended  that: 

1 .  Ceramic  anode  cathodic  protection  systems  for  lock  and  dam  gates  are  an  effective  alternative 
to  silicon  iron  (HSCBCI)  anode  systems.  Based  on  the  effectiveness  and  cost  data,  ceramic-coated  anode 
systems  should  be  allowed  as  alternatives  to  silicon  iron  systems  in  guide  specification  CW  16643, 
“Cathodic  Protection  Systems  (Impressed  Current)  for  Lock  Miter  Gates.” 

2.  If  the  ceramic  anode  cathodic  protection  system  is  selected,  the  design  steps  outlined  in 
Appendix  A  of  this  report  and  in  ETL  1 1 10-9-10  (Appendix  B)  should  be  used. 

3.  The  sequence  described  in  Chapter  3,  “Criteria  for  Field  Assessment  of  Cathodie  Protection 
Systems”  should  be  used  in  annual  potential  surveys. 

4.  If  the  structure  is  located  in  a  region  of  extreme  temperature  change  such  as  on  the  Ohio  River, 
automatic  potential  control  rectifiers  should  be  used  to  adjust  for  the  ehange  in  current  requirements  due 
to  change  in  temperature  (as  much  as  ±  30  °F). 

5.  A  side-by-side  comparison  of  the  durability  of  ceramic  anode  cathodic  protection  systems  with 
silicon  iron  (HSCBCI)  anode  systems  should  be  conducted. 
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METRIC  CONVERSION  TABLE 


1  mil 

= 

0.0025  cm 

1  in. 

= 

25.4  mm 

1  in. 

= 

2.54  cm 

sq  in. 

= 

6.452  cm^ 

1  ft 

= 

0.305  m 

1  sq  ft 

= 

0.093  m^ 

1  cu  ft 

= 

0.028  m^ 

1  mi 

= 

1.61  km 

1  lb 

= 

0.453  kg 

1  mil 

0.00254  cm 

OF 

= 

(“Cx  1.8) +  32 

REFERENCES 

Boy  J.,  A.  Kumar,  and  M.  Blylh,  Development  of  New  Materials  and  Designs  Configurations  To  Improve  Ceramic  Anode 
Performance,  Technical  Report  (TR)  VI-87/ 10/ADA  179404  (U.S.  Army  Construction  Engineering  Research  Laboratories 
[USACERL],  1986).* 

Boy,  J.,  M.  Olsson,  V.  Hock,  and  A.  Kumar,  Improved  Ceramic  Anodes  for  Corrosion  Protection,  TR  M-85/02/ADA 149492 
(USACERL,  1984).** *** 

Cathodic  Protection  Measurement  Principles  (National  Association  of  Corrosion  Engineers  [NACE],  November  1986). 


“Cathodic  Protection  Systems  (Impressed  Current)  For  Lock  Miter  Gates,”  Corps  of  Engineers  Guide  Specifications,  CW  16643 
(Headquarters,  U.S.  Army  Corps  of  Engineers  [HQUSACE],  19  August  1991). 

Design  of  Impressed  Current  Cathodic  Protection  Systems  Utilizing  Ceramic  Anodes,  Engineer  Technical  Letter  (ETL)  1 1 10-9-10 
(HQUSACE,  1991). 

Engineering  Technical  Letter  (ETL)  1 1 10-9-10  (FR),  Impressed  Current  Cathodic  Protection  Systems  Using  Ceramic  Anodes, 
(HQUSACE,  1991). 

Faita,  G.,  "The  Lida  Difference:  Its  Impact  on  Cathodic  Protection,”  Lida  Impressed  Current  Seminar  Manual  (Oronzio  DeNora 
S.  A.,  Lugano,  Switzerland.  1988). 

Greene,  L.,  and  J.  Bushman.  Cathodic  Protection  Survey  of  Navigation  Locks,  Mobile  District,  Contract  Report  (CORRPRO, 
March  1991). 

Heidersbach,  R.H.,  “Evaluation  of  Impressed  Current  Cathodic  Protection  Systems  for  Civil  Works  Structures  Using  High  Silicon 
Chromium  Bearing  Cast  Iron  and  Mixed  Metal  Oxide  Ceramic  Coated  Titanium  Anodes,”  Contract  Report  (1991). 

Hock,  V.F.,  R.J.  Ruzga,  and  P.  Ferris,  “Chemical  and  Physical  Properties  of  Ceramic  Coated  Anodes  and  Application  to  Cathodic 
Protection  Systems  for  Water  Tanks  and  Dam  Gates,”  Proceedings  of  the  Pacific  Corrosion  Conference  (Queensland, 
Australia,  August  1989).** 

Hock,  V.F.,  J.M.  Givens,  J.E.  Suarez,  and  J.M.  Rigsbee,  “New  Developments  in  Electrically  Conductive  Oxide  for  Cathodic 
Protection.”  Proceedings,  Pacific  Corrosion,  Vol  1  (Melbourne,  Australia,  1987).** 

Hock,  V.,  J.  Suarez,  J.  Givens,  and  M.  Rigsbee,  Mixed  Metal  Oxide  Coated  Substrates,  U.S.  Patent  filed  by  the  Army  (1990).** 

Hock,  V.,  J.  Givens,  J.  Suarez,  and  J.  Rigsbee,  “Structure,  Chemistry,  and  Properties  of  Mixed  Oxide,”  Proceedings,  National 
Association  of  Corrosion  Engineers  (NACE,  1988),  Paper  230.** 


*  Anode  configurations 

**  Materials  development  and  testing 

***  Field  test  and  ceramic  anode  designs 


31 


REFERENCES  (Cont’d) 


Hock,  V.,  L.  Stephenson,  J.  Givens,  and  J.  Rigsbee,  “Fabrication  of  Electrically  Conductive  Metal  Oxide  Coatings  by  Reactive 
Ion  Plating,”  Journa/  of  Vacuum  Science  and  Technology,  Vol  A3  (1985),  p  266.** 

Husock,  Bernard,  Evaluation  of  Cathodic  Protection  Criteria,  ESL  TR-79-14  (Headquarters,  Air  Force  Engineering  and  Services 

Center  [HQAFESC],  April  1979),  pp  12-14. 


Kumar,  A.,  Expandable  Coil  Cathodic  Protection  Anode,  U.S.  Patent  filed  by  the  Army  (28  February  1989).* 

Kumar,  A.,  Lampo,  R.  and  Kearney  F.,  Cathodic  Protection  of  Civil  Works  Structures,  TR  M-276/ADA080057  (USACERL 
December  1979). 


Kumar,  A.,  and  V.  Hock,  “Survey  of  Cathodic  Protection  Systems  Using  Ceramic  Coated  Anodes,”  Proceedings  of  the  National 
Association  of  Corrosion  Engineers  (NACE,  1989),  Paper  284.*** 

Kumar,  A.,  V.  Hock,  and  M.  McLeod,  User  Guides  and  Specifications  for  Water  Heater  Rehabilitation  Using  Ceramic  Coated 
Anodes,  FEAP  User  Guide  M-92/07  (USACERL,  January  1992). 

Kumar,  A.,  V.  Hock,  and  M.  McLeod,  User  Guide  for  Ceramic  Coated  Anode  Systems  for  Water  Tanks  and  Underground  Storage 
Tanks,  FEAP  User  Guide  M-92/08  (USACERL,  January  1992). 

Kumar,  A.,  Ceramic  Coated  Strip  Anode  for  Cathodic  Protection,  U.S.  Patent  4,946,570  (1990).* 

Kumar,  A.,  Vincent  F.  Hock,  F.  Bashford,  and  R.  Ruzga,  “Evaluation  of  Cathodic  Protection  Systems  Using  Ceramic  Coated 
Anodes,”  Proceedings  of  the  National  Association  of  Corrosion  Engineers  Conference  (NACE,  1991)  Paper  231.*** 

Kumar,  A.,  and  Mark  D.  Armstrong,  “Cathodic  Protection  Designs  Using  Ceramic  Coated  Anodes,”  Materials  Protection  Vol  27 
No.  10  (1988),  pp  19-23.*** 

Kumar,  A.,  “Ceramic  Anode  for  Cathodic  Protection,”  American  Public  Works  Reports,  Vol  52  (1985),  p  6.* 

Kumar,  A.,  “Ceramic  Anode  for  Corrosion  Protection,”  Military  Engineer,  Vol  77  (1985),  p  436.* 

Kumar,  A.,  E.  Segan,  and  J.  Bukowski,  “Ceramic  Coated  Anodes  for  Cathodic  Protection,”  Materials  Performance  Vol  23  No  6 
(1984),  p  24-28.** 


Kumar,  A.,  and  J.  Boy,  “New,  Development  in  the  Ceramic  Anode  for  Cathodic  Protection,”  Proceedings  of  the  National 
Association  of  Corrosion  Engineers  (NACE,  1986),  Paper  No.  288.* 

Kumar,  A.,  E.  Segan,  J.  Bukowski,  and  J.  Helgoland,  “Ceramic  Anodes  for  Corrosion  Protection,”  US  Patent  4  445  989 
(1984).**  ’  ’ 

Kumar,  A.,  Use  of  Ceramic  Anode  to  Prevent  Corrosion,  REMR  Technical  Note  (TN)  EM  CR1.3  (USACERL,  1987). 

Kumar,  A.,  and  M.  Armstrong,  “Advanced  Cathodic  Protection  Designs  Using  Ceramic  Coated  Anodes,”  Proceedings  of  the 
National  Association  of  Corrosion  Engineers  (NACE,  1988),  Paper  30.*** 

Kumar,  A.,  and  M.  Armstrong,  ‘New  Cathodic  Protection  Designs  Using  Ceramic  Anodes  for  Navigation  Lock  Gates,” 
Proceedings  of  the  National  Association  of  Corrosion  Engineers  (NACE,  1987),  Paper  71.*** 

Kumar,  A.,  E.  Segan,  and  J.  Bukowski,  “Ceranuc  Anode  for  Corrosion  Protection,”  Proceedings  of  the  National  Association  of 
Corrosion  Engineers  (NACE,  1983).** 


*  Anode  configurations 

**  Materials  development  and  testing 

***  Field  test  and  ceramic  anode  designs 

32 


REFERENCES  (Cont’d) 


Recommended  Practice,  RP-01  -69  (1 992  Revision),  Control  of External  Corrosion  on  Underground  or  Submerged  Metallic  Piping 
Systems  (NACE,  Houston,  TX,  1983),  para.  6.2.2. 1.2;  6.2.2.I.3. 

RP-01-85,  Control  of  External  Corrosion  on  Metallic  Buried,  Partially  Buried  or  Submerged  Liquid  Storage  Systems  (NACE, 
1985). 

Reding,  J.T.,  “Performance  of  Mixed  Metal  Oxide  Activated  Titanium  Anodes  in  Deep  Ground  Beds,”  Corrosion  87  (San  Francis¬ 
co,  CA,  9-13  March  1987),  Paper  9.*** 

Schieber,  C.F.  and  Mussinelh,  G.L.,  “Characteristics  and  Performance  of  the  LIDA  Impressed  Current  System  in  Natural  Waters 
and  Sahne  Muds,”  Corrosion  86  (Houston,  17-21  March  1986),  Paper  287. 

Segan  E.G.,  and  A.  Kumar,  Preliminary  Investigation  of  Ceramic  Coated  Anodes  for  Cathodic  Protection,  TR  M-333/ ADAl  33440 
(USACERL,  1983).* ** 

Segan,  E.G.,  M.  Olsson  and  A.  Kumar,  “Ceramic  Anode,”  Proceedings  of  the  Army  Science  Conference  (1984).** 

Stephenson,  L.,  V.  Hock,  J.  Rigsbee,  D.  Teer,  and  D.  Amell,  “Microstructural  Analysis  of  Electrically  Conductive  Ceramic 
Coatings  Synthesized  by  Reactive  Ion  Plating  and  Sputter  Deposition,”  Proceedings  of  the  NA  TO  Advanced  Study  Institute 
on  Erosion  and  Growth  of  Solids  Stimulated  by  Atoms  and  Ion  Beams  (Crete,  Greece,  1986).** 

Stephenson,  L.,  V.  Hock,  J.  Boy,  P.  Scott,  and  J.  Rigsbee,  “Ion  Plated  Conductive  Ceramic  and  Metal  Ceramic  Composite 
Coatings,”  Proceedings  of  the  Army  Science  Conference  (1986).** 

Suarez,  J.,  J.  Givens,  D.  Leet,  V.  Hock,  and  J.  Rigsbee,  “RF  Plasma  Assisted  Deposition  of  Conductive  Oxide  Coatings  for 
Cathodic  Protection  Anodes,”  Proceedings  of  the  Army  Science  Conference  (1988).** 

Suarez,  J.,  J.  Givens,  J.  Rigsbee,  and  V.  Hock,  “Deposition  and  Electrochemical  Properties  of  Ruthenium-Titanium  Oxide  Thin 
Films,”  Poster  Paper,  Workshop  on  Applied  Ion  Implantation  (University  of  Missouri,  Rolla,  MO,  16-17  November 
1989).** 

Technical  Manual  (TM)  5-811-4,  Electrical  Design  Corrosion  Control  (Headquarters,  Department  of  Army  [HQDA],  1962).** 


*  Anode  configurations 

**  Materials  development  and  testing 

***  Field  test  and  ceramic  anode  designs 


33 


ABBREVIATIONS 


CP 

Cathodic  protection 

HSCBCI 

High  silicon  chromium  bearing  cast  iron 

MMO 

Mixed  metal  oxide 

LSA 

Life-Saver  Anode 

CE 

Coating  efficiency 

Cu/CuS04 

Copper/copper  sulfate 

NACE 

National  Association  of  Corrosion  Engineers 

DVM 

Digital  voltmeter 

Ag/AgCl 

Silver/silver  chloride 

lOP 

Instant  off  potential 

ON 

On  potential 

OFF 

Off  potential 

DECAY 

Polarization  decay/buildup 

NATIVE 

Native  potential 

USG 

Upstream  gate 

DSG 

Downstream  gate 

uss 

Upstream  side 

DSS 

Downstream  side 

RW 

River  wall 

IW 

Island  wall 

PE 

Polyethylene 

PVC 

Polyvinyl  chloride 
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APPENDIX  A:  Detailed  Cathodic  Protection  Design  Procedures  for  Pike  Island  Auxiliary  Lock 
Gates 


1.0  DESIGNS  FOR  LOCK  GATES 


Figures  4  and  5  show  a  Pike  Island  auxiliary  miter  gate. 

This  gate  is  approximately  62  feet  long  and  35  feet  high.  With 
the  river  at  normal  water  level,  portions  of  each  gate  will 
always  be  submerged  and  other  portions  may  be  submerged  or 
exposed  as  lockages  occur.  During  times  of  high  water,  more  gate 
surfaces  will  be  submerged,  and  under  conditions  of  flood,  the 
entire  gates  may  be  submerged.  The  usual  water  depth  is  30  feet. 

The  gates  are  constructed  of  welded  structural  steel 
construction,  horizontally  framed,  with  a  cast  pintle.  The 
downstream  side  of  the  gate  consists  of  pattern  of  rectangular 
chambers  closed  on  five  faces  and  open  to  the  water  on  the  sixth 
face.  The  upstream  face  of  the  gate  is  made  up  of  a  large  skin 
plate  over  the  major  portion  of  the  face,  and  two  columns  of 
small  chambers  at  the  quoin  and  miter  ends  of  the  gate. 

The  main  (large)  chambers  on  the  downstream  face  of  the  gate 
are  set  in  four  columns  and  are  approximately  12  feet  wide, 
varying  in  height  from  3  feet  4  inches  to  6  feet  high,  with  a 
depth  of  3  feet  6  inches.  The  two  sets  of  vertically  aligned 
chambers,  at  the  quoin  and  miter  ends  of  the  gates,  each  are  much 
smaller  and  irregularly  shaped.  There  are  six  horizontally 
aligned  rows  of  chambers  placed  one  above  the  other  in  each 
vertical  column,  giving  a  total  of  48  chambers  on  the  downstream 
side . 


DESIGN  DATA 

1)  The  lock  is  located  in  freshwater  with  a  resistivity  of  3000 
ohm- centimeters . 

2)  Water  velocity  is  less  than  5  ft/s. 

3)  Water  contains  debris  and  icing  will  occur  in  the  winter. 

4)  The  gate  surfaces  have  a  new  vinyl  paint  coating,  minimum  of 
6  mils  thick,  with  not  more  than  1  percent  of  the  area  bare 
because  of  holidays  in  the  coating. 

5)  The  coating  will  deteriorate  significantly  in  20  years  of 
exposure.  Experience  shows  that  30  percent  of  the  area  will 
become  bare  in  20  years. 

6)  Design  for  7.0  mA/ft^  (moving  fresh  water) . 

7)  Electric  power  is  available  at  120/240  volts  AC,  single  . 
phase  at  the  lock  site. 
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8)  Design  for  20  year  life. 

9)  Design  for  entire  surface  of  the  gate  to  be  submerged. 

10)  Base  anode  requirement  on  the  average  current  requirement 

over  the  anode  design  life.  ^ 

11)  Base  rectifier  requirement  on  maximum  (final)  current 
requirement  at  end  of  anode  design  life. 

COMPUTATIONS 

il  Find  the  surface  area  to  be  protected. 

A)  npstre2u&  side. 

Area  of  skin  plate:  47.6  ft  x  35.0  ft  =  1666  sq  ft 

Chamber  areas  at  each  end  (same  at  each  end) ; 

6  chambers  @  70  sq  ft  =  420  sq  ft 
6  chambers  @  40  sq  ft  =  240  sq  ft 
6  chambers  in  each  vertical  column 

B)  Downstream  side 


Number  of 
of  Chambers 


4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

4 

2 

2 

2 


Chamber  Area 

mb. 


63 

71 

76 

87 

92 

145 

158 

167 

179 

186 

195 

206 

228 

239 


Total  Area 
Xft^) 


252 
284 
304 
348 
3  68 
580 
632 
668 
716 
372 
780 
412 
456 
478 


Total  Number  of  Chambers  =  48 

Total  Chamber  Area  =  2092  ft^ 

Total  Area _  =  6650  ft^ 
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2)  Calculate  the  current  requirements  (I)  from  Equation  1. 


I  =  A  *  I'  (1.0  -  Cg)  (Eq  1) 

where : 

A  -  Surface  area  to  be  protected  (varies 
depending  on  portion  of  structure) . 

I'-  Required  current  density  to  adequately 
protect  gate  (7.0  mA/ft^)  . 

Cg  =  Coating  efficiency  (0.99  initial,  and  0.70 
final) . 

A)  Upstreeua  side 

Skin  plate  current  requirement 

Calculate  I 

where:  A  =  1666  ft^  (From  computation  step  lA) . 

Initial  current  requirement  fCg  =  99%^ : 

I  =  1666  ft^  X  7.0  mA/ft^  x  (1  -  0.99)  =  116  mA  (use  120  mA) 
Final  current  requirement  fCg  =  70%) : 

I  =  1666  ft^  X  7.0  mA/ft^  x  (1  -  0.70)  =  3498  mA  (use  3500) 
Average  current  requirement; 

I  =  (120  +  3500) /2  mA  =  1810  mA  (use  2  A  for  skin  plate) 

End  chamber  current  requirement 

To  be  able  to  use  the  same  anode  assembly  in  each  set  of 
chambers,  base  the  design  on  the  larger  of  the  two  chambers  at 
each  end. 

Calculate  I 

where:  A  =  420  ft^  (From  computation  step  lA)  . 

Initial  current  requirement  fCg  =  99%^ ; 

I  =  420  ft^  X  7.0  mA/ft^  x  (1  -  0.99)  =  29.4  itiA  (use  30  mA 
per  6  chambers) . 

Final  current  requirement  fCg  =  70%); 

I  =  420  ft^  X  7.0  mA/ft^  x  (1  -  0.70)  =  882  itiA  (use  900  mA 
per  6  chambers) . 
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Average  current  requirement: 


(30  +  900) /2  -  465  itiA  per  6  chambers  (use  0.5  A  per  6 

chambers  in  a  vertical  column) . 


This  is  current  requirement  for  one  vertical  column  of  6 
chambers.  Total  average  current  requirement  is  four  times  this 

amount : 

1=0. 5x4=2. OA  for  chamber 


Total  current  requirement  for  upstream  side: 

+  (4  X  30  mA)  =  240  mA  =  0.24  amps  (initial) 

Ij  =  2.0  A  +  2.0  A  =  4.0  amperes  (average) 

=  3500  mA  +  (4  X  900  mA)  =  7100  mA  =  7.10  amps  (final) 

B)  Downstream  side 

Base  design  on  largest  chamber  to  allow  the  use  of  the  same 
anode  in  all  chambers. 

Calculate  I 

where:  A  =  239  ft^  (From  computational  step  IB) . 

Initial  current  requirement  (Cjr  =  99%)  : 

I  —  2  39  ft  X  7.0  mA/ f t^  x  (1  -  0.99)  =  16.8  mA  per  chamber 

Final  current  requirement  rCj,  =  70%)  : 

I  —  239  ft  X  7.0  mA/ft^  X  (1  -  0.70)  =  502  mA  per  chamber 

Average  current  requirement: 

I  ~  (16.8  +  502) /2  =  260  mA  per  chamber 

Total  current  requirement  for  downstream  side  f42  chambers) : 

Ij  =  16.8  mA/chamber  x  48  chamber  =  806  mA  =  0.8  A  (initial) 
Ij  =  260  mA/chamber  x  48  chamber  =  12480  mA  =  12.4  A  (ave) 

I-j-  =  502  mA/chamber  x  48  chamber  =  24096  mA  =  24.2  A  (final) 
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C)  Total  current  requirement 


Initial 

Upstream  side 
Downstream  side 


0.24  amps 
0.80  amps 
1.04  amps 


Average 

Upstream  side 
Downstream  side 


4 . 0  amps 

12.4  amps 

16.4  amps 


Final 

Upstream  side 
Downstream  side 


7 . 1  amps 

24.2  amps 

31.3  amps 


Note:  Average  current  requirements  determine  anode  selection. 

Final  current  requirements  determine  rectifier  selection. 


3)  Select  the  anode  and  calculate  the  number  of  anodes  required 

(N)  to  meet  the  design  life  requirements. 

Disc  anodes  such  as  those  shown  in  Figure  2  are 
considered  best  for  the  skin  plate  on  the  upstream  side.  Either 
1/8  inch  diameter  segmented  rod  anodes  consisting  of  4  foot 
segments,  as  shown  in  Figure  3,  or  continuous  1/8  inch 
diameter  prefabricated  rod  anodes  are  considered  best  for  the 
chambers . 

For  this  example,  we  will  design  based  on  the  4  foot 
segments.  The  design  for  the  continuous  rod  material  would  be 
identical  since  they  have  the  same  amperage  capacity  per  lineal 
foot  of  anode  material.  Number  of  anodes  is  calculated  from 
Equation  2 . 

N  =  I  (Eg  2) 


where: 

I  =  Total  current  requirement. 

=  Average  current  per  anode  for  the  anode ' s 
desired  life. 
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A)  Upstrezun  side 


Skin  Plate  -  Number  of  disc  anodes 

Calculate  N 

where:  I  =  2  A  (from  step  2A) 

=  0.84  A/disc  anode 


— 1 -  =  2.4  anodes;  use  3  disc  anodes 

0.84 


Chambers  -  Number  of  secrmented  rod  anodes 

For  each  set  of  6  chambers  in  a  vertical  column 
Calculate  N 


where:  I  =  0.5  A  (from  step  2A) 

Ia  =  1-0  A/ 4  ft  long  segmented  rod  (from  Table 

A-1) 


N 


0 . 5 

1 


0.5  anodes;  use  1  segmented  rod  anode 
per  6  vertical  chambers 


B)  DownstreM  side 


I  =  260  mA  per  chamber 

For  each  set  of  6  chambers  in  a  vertical  column: 

I  =  6  X  260  itiA  =  1560  mA  =  1.56  A 
A  =  1.0  A/anode  (from  Table  A-1) 

N  =  — lj,.56 —  =  1.56  anodes;  use  2  segmented  rod  anode 
1  per  6  vertical  chambers 


AX  Select  number  of  anodes  to  provide  adecruate  current 
distribution. 


A)  Upstream  side 

Skin  Plate 

Experience  shows  that  an  anode  grid  spacing  of  10  to  12  feet 
provides  adequate  coverage  of  protective  current.  Additional 
anodes  are  also  needed  along  the  bottom  of  the  gate,  as  this  is 
an  area  where  coating  damage  occurs  readily,  thus  exposing  an 
appreciable  amount  of  bare  metal .  Figure  4  shows  a  suitable 
i^nrat ion  using  a  combination  of  19  disc  anodes. 
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Table  A-1 

Dimensions  and  Ratings  of  Cerautiic  Anodes 

Underground  Usage 

Wire  and  Rod  Anodes  (Packaged) 


Current  Rating  (amperes) 

Anode  Element 
Dimension 

Package 
Size 
(in.  ) 

Weight 

(lb) 

10-Year 

Design 

Life 

15-Year 
Design  Life 

20 -Year 
Design  Life 

HDC 

HDC*  SC** 

HDC* 

SC** 

1/8" 

X 

2  ' 

2 

X 

30 

6 

1/16" 

X 

5  ' 

2 

X 

72 

14 

1/16" 

X 

5  ' 

3 

X 

72 

26 

1/8" 

X 

4  ' 

2 

X 

60 

12 

1/8" 

X 

4  ' 

3 

X 

60 

22 

1/4" 

X 

4  ' 

3 

X 

60 

22 

1/8" 

X 

6  ' 

3 

X 

96 

35 

3/8" 

X 

4  ' 

3 

X 

60 

22 

1/2  " 

X 

4  ' 

3 

X 

60 

23 

3/4" 

X 

4  ' 

3 

X 

60 

24 

1/8" 

X 

6  ' 

3 

X 

96 

35 

1  /4" 

X 

6  ' 

3 

X 

96 

35 

1/8" 

X 

8  ' 

3 

X 

120 

44 

1/4" 

X 

8  ' 

3 

X 

120 

44 

*Heavy  duty  coating  tubular  anod 
**Standard  coating  tubular  anodes 


1.3 

1 . 10 

0 . 6 

0 . 9 

1.5 

1.25 

0.7 

1 . 0 

1.5 

1.25 

0.7 

1 . 0 

2.7 

2.2 

1.2 

1 . 8 

2.7 

2.2 

1.2 

1.8 

5.5 

4.4 

2 . 4 

3 . 5 

4 . 0 

3.3 

1 . 8 

2.7 

7.5 

6.0 

3 . 6 

5 . 1 

10.0 

8.0 

4.8 

6.8 

15.0 

12 . 0 

7.2 

10.0 

4.0 

3.3 

1.8 

2.7 

8.2 

6.6 

3.6 

5.3 

5.4 

4.4 

2.4 

3 . 6 

11.0 

8.8 

4.8 

7 . 0 

s  (in  coke  breeze) 
(in  coke  breeze) 


0 . 5 
0 . 6 
0.6 

1 . 0 
1.0 
2.0 
1.5 

3.0 

4.0 

6.0 


1.5 
3 . 0 

2 . 0 
4.0 


Current  Rating  -  Amp 
Anode  Element  20-Year 

Dimension  Design  Life 


1"  X  9.8" 


1"  X 

19.7" 

1"  X 

39.4" 

0.63" 

X  9.8" 

0.63" 

X  19.7 

0.63" 

X  39.4 

2  , 

.00 

amp 

4  . 

.00 

amp 

8  , 

.00 

amp 

1. 

.25 

amp 

2. 

.50 

amp 

5  , 

.00 

amp 
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Table  A-1  (Cont'd) 

Fresh  and  Seawator  Usage 


Wire  and  Rod  Anodes  (Bare) 


Life 

(years)  Fresh  Water  Brackish  Water  Seawater 


Maximum  Current/l-ft  Length  for  20-Year  Design  Life  of  .0625  in.  Dia.  Wire 


10  0.39 
15  0.31 
20  0.26 

Maximum  Current/l-ft  Length 

10  0.79 
15  0.62 
20  0.52 


0.51 

0.44 

0.39 

for  20-Year  Design  Life  of 

1.02 

0.88 

0.79 


0.85 

0.74 

0.67 

.125  in.  Dia.  Rod  or  Wire 

1.70 

1.47 

1.33 


Maximum  Current/l-ft  Length  for  20-Year  Design  Life  of  .25  in.  Dia.  Rod 


10 

1.58 

2.04 

3.41 

■  15 

1.24 

1.76 

2.95 

20 

1.04 

1.58 

2.66 

Maximum 

Current/l-ft  Length  for  20 

-Year  Design  Life  of 

.325  in.  Dia. 

Rod 

10 

2.37 

3.06 

5.11 

15 

1.85 

2.63 

4.42 

20 

1.56 

2.37 

3.99 

Maximum  Current/l-ft  Length  for  20-Year  Design  Life  of 

.5  in.  Dia.  Rod 

10 

3.16 

4.08 

6.81 

15 

2,47 

3.51 

5.90 

20 

2.08 

3.16 

5.33 

Maximum 

Current/l-ft  Length  for  20- 

-Year  Design  Life  of  . 

625  in.  Dia. 

Rod 

10 

3.95 

5.10 

8.52 

15 

3.09 

4.39 

7.37 

20 

2.60 

3.95 

6.66 

Maximum  Current  Per  1-ft  Length  for 

20-Year  Design  Life  of  .75  in.  Dia 

.  Rod 

10 

4.74 

6.12 

10.22 

15 

3.71 

5.27 

8.85 

20 

3.12 

4.74 

7.99 
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Table  A-1  (Cont'd) 

Fresh  and  Seawater  Usage 


Tubular  Anodes  (Bare) 


Seawater  -  Current  in  amp  per  anode  (15-Year  Design  Life) 


1  in.  X  19.7  in.  25  amp 
1  in.  X  39.4  in.  50  amp 
0.63  in.  X  19.7  in.  15  amp 
0.63  in.  X  39.4  in.  30  amp 


Sea  Mud  -  Current  in  amp  per  anode  (20-Year  Design  Life) 

1  in.  X  19.7  in.  5  amp 

1  in.  X  39.4  in.  12  amp 


Fresh  Water  -  Current  in  amp  per  anode  (20-Year  Design  Life) 

1  in.  X  19.7  in.  4.00  amp 
1  in.  X  39.4  in.  8.-00  amp 
0.63  in.  X  19.7_in.  2.50  amp 
0.63  in.  X  39.4  in.  5.00  amp 


Current  Density  Limitations 
Wire  and  Rod  Anode 

Anode  Life  Versus  Maximum  Current  Density  (ampere/sq  ft) 


Life 

(years) 


Co);e 


Fresh  Water  Brackish  Water 


Seawater 


Table  A-1  (Cont'd) 


Tubular  Anodes 

Anode  Life  Versus  Maximum  Current  Density  (ampere/sq  ft) 


Life 

(years ) 


Fresh 

Water 


Brackish 

Water  Seawater 


20 


9.3 


9.3 


56 


Disc  Anodes  (see  figure  2) 


Size : 

5-in.  diameter  (Typical 

-  Other  sizes 

available) 

Active  Area: 

19  aq  in. 

Weight : 

2.0  lb 

Fresh  Water 

Salt 

Water 

Current  Capacity  -  20-year  life  (amp/anode)  0.84 

5. 

00 

Operating  voltage  -  20-year  life  (V) 

20.0 

10 

.0 

Segmented  Rod  Anodes  (see  figure  3) 

Size : 

4-ft  lenglth;  0.138  in. 

diameter 

Active  Area: 

22  sq  in. 

Weight : 

2.3  oz 

Fresh  Water 

Salt 

Water 

Current  Capacity  -  20-year  life  (amp/anode) *  1.00  2.50 

Operating  voltage  -  20-year  life  (V)  50.0  10.0 


‘standard  Coating 


AlO 


Chambers 


A  continuous  length  of  screw  coupled  segmented  rod  anodes  is 
needed  for  each  chamber  column  at  the  miter  and  quoin  ends 
extending  from  the  high  water  line  down  to  within  2  feet  of  the 
bottom  girder.  Each  anode  consists  of  7  segments,  each  4  feet  in 
length.  Four  segmented  rod  anode  assemblies  are  thus  required, 
comprising  a  total  of  28  segments,  each  4  feet  in  length.  See 
Figure  5 . 

Total  anodes  required  for  the  upstream  side; 

19  disc  anode 

4  segmented  rod  anode  (28  individual  rod  segments) 


B)  Downstream  side 

One  continuous  length  of  screw  coupled  segmented  rod  anodes 
is  needed  for  each  chamber  column  extending  from  the  high  water 
line  down  to  within  2  feet  of  the  bottom  girder.  (NOTE:  For  the 
downstream  side  of  the  downstream  gates,  a  much  shorter  anode 
length  will  be  required  since  only  the  lower  portions  of  this 
gate  surface  are  ever  submerged.)  Each  anode  rod  consists  of  7 
segments  each  4  feet  in  length.  Eight  segmented  rod  anodes  are 
thus  required,  comprising  a  total  of  56  segments,  each  4  feet  in 
length.  See  Figure  5. 


5)  Determine  the  anode-to-water  resistance  (R^)  of  the 
individual  anodes. 

Disc  anodes 

Empirical  information  indicates  anode-to-water  resistance 
(R^)  of  a  single  5  inch  disc  anode  on  a  coated  structured  may  be 
expressed  by  the  Equation  3 . 


Ra  =  P  (Eq  3) 

21.5 

where:  p  =  3000  ohm-cm  (Water  resistivity  from  design 

item  1) . 

R.  =  3000  =  139.5  ohms 

21.5 


All 


The  disc  anodes-to-water  resistance  (Rj^)  of  the  19  disc 
anodes  can  be  approximated  from  Equation  4. 


Rn  =  Ra/N  +  (p  *  Pp)  /C(. 


(Eq  4) 


where: 


Ra  =  139.5  ohms  (The  disc  anode- to-water 
resistance  of  individual  disc  anodes 
from  previous  calculation) 

N  =  19  (Number  of  anodes,  design  step  4) 
p  =  3000  ohm-cm 

Pp  =  0.00140  (Paralleling  factor  from  Table  A-2) 
Cc  =  10  ft  (Center- to-center  spacing  of  disc 
anodes) . 


%  =  139.5/19  +  (3000  X  0.00140)/10  =  7.7  ohms 


At  the  maximum  expected  current  of  3500  mA  (3.5  amps),  the 
voltage  required  for  the  disc  anodes  can  be  determined  using 
Ohm's  Law,  Equation  5. 


E  =  I  X  R 

E=3.5x7.7=27  volts 


(Eq  5) 


This  is  a  reasonable  voltage,  so  the  19  disc  anodes  are 
sufficient. 


Segmented  rod  anodes 

The  segmented  rod  anode-to-water  resistance  (R^)  is 
calculated  from  Equation  6.  The  total  length  of  anode  is  used, 
although  a  shorter  length  could  be  used  if  low  water  conditions 
were  expected  most  of  the  time. 


=  - 0.0052  X  p  X  [In  (8L/d)  -  1]  (Eg  6) 

L 

where:  p  =  3000  ohm-cm (Water  resistivity  from  design 

item  1 ) 

L  =  28  ft  (Length  of  anode  rod  from  design 
step  4) 

d  =  0.0115  ft  (Anode  rod  diameter) 

Ra  “  0.0052  X  3000  X  [In  8  x  28  -1] 

28  0.0115 

Ra  =  0.557  [9.88  -  1]  =  4.95  ohms 
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T2U3le  A-2 


Anode 

Paralleling  Factors  (P)  for 
Anodes  (N)  Installed  in 

Various  Number 
Parallel 

of 

N 

P 

N 

p 

2 

0.00261 

14 

0.00168 

3 

0.00289 

16 

0.00155 

4 

0.00283 

18 

0.00145 

5 

0.00268 

20 

0.00135 

6 

0.00252 

22 

0.00128 

7 

0.00237 

24 

0.00121 

8 

0.00224 

26 

0.00114 

9 

0.00212 

28 

0.00109 

10 

0.00201 

30 

0.00104 

12 

0.00182 
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,  maximum  expected  current  requirement  for  the  upstream 

chambers  of  900  mA  per  vertical  column  of  6  chambers,  the  voltaae 

Equation  5°^  anode  can  be  determined  using  Ohm's  Law, 

E=IxR=0.90  amps  x  4.95  ohms  =  4.46  volts 

Voltage  for  downstream  side  rod  anodes 

At  the  maximum  expected  current  of  251  mA  per  chamber,  the 
current  required  for  one  vertical  column  of  6  chambers  is: 

I  —  6  X  502  mA  =  3012  mA  or  3.0  amperes 

The  voltage  required  for  each  anode  is.  Equation  5: 

E=  I  xR=  3.0  amps  X  4.95  ohms  =14.9  volts 

This  is  a  reasonable  voltage,  so  the  single  anode  per  vertical 
column  of  chamber  is  sufficient. 

6i  Determine  tq^al  circuit  resistance  (R-j.)  using  Equation  7. 


Rj^  +  R'yy  +  R^ 


(Eg  7) 


where:  R^^  =  Anode-to-water  resistance. 

Rw  =  Header  cable/wire  resistance, 
Rc  ~  Tank-to-water  resistance. 


A)  Upstreeun  side 


Skin  Plate 


%  -  7.7  ohms  (Anode-to-water  resistance). 

Rw  =  0.02  ohms  (Wire  resistance) 

Rw  depends  on  the  actual  wiring  of  the  anodes,  but  the 

general  arrangement  would  be  to  use  a  header  cable  from  the 
rectifier  to  the  center  of  the  disc  anode  array  and  then 
distribute  the  current  through  a  junction  box  to  each  anode. 
Wiring  would  be  in  conduit  on  the  inside  of  the  gate.  Assuming 
he  rectifier  IS  28  feet  from  the  gate,  there  will  be  about  100 
reet  of  positive  and  negative  header  cable.  No.  2  AWG,  HMWPE 
insulated  cable  is  selected.  The  resistance  of  the  anode 
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distribution  wiring  is  considered  negligible, 
resistance  is  calculated  from  Equation  8. 


The  header  cable 


Rw  -  - 

1000 

where:  Lyy  =  100  ft  (Header  cable  length  [As  noted  above]) 

Rmft  0.159  ohms  (Resistance  per  1000  linear 
feet  of  No.  2  AWG  HMWPE) . 

Ry^  =  100  X  0.159  =  0.016  ohms;  use  0.02  ohms 

1000 

R^-  =  0.00  ohms  (The  structure-to-water  resistance) 

R(^  is  considered  negligible  since  the  design  maximum 
capacity  is  based  on  a  30  percent  bare  structure  which  would  have 
negligible  resistance. 

The  total  resistance  Rj  of  the  skin  plate  disc  anode  system 
using  Equation  7  is: 


R'p  •“  —  7.7  4*  0.02  0.0  —  7.72  ohms 


Chambers 


Total  resistance  of  the  4  upstream  chamber  anodes  (Rj^)  is 
calculated  as  follows.  The  4  anode  rods  are  in  parallel.  Total 
resistance  can  be  determined  from  the  law  of  parallel  circuits. 
Since  all  4  anodes  have  the  same  anode-to-water  resistance,  the 
calculation  becomes  Equation  9. 

%  =  Ra/N  =  4.95/4  =  1.24  ohms  (Eq  9) 

where:  R|,j  =  Total  resistance  of  all  4  anodes. 

Ra  =  4.95  (Anode-to-water  resistance). 

N  =  4  (Number  of  anodes) 

Ryy  =  0.01  ohms  (Wire  resistance) 

Ry^  consists  of  a  No.  2  AWG,  HMWPE  insulated  cable.  The 

rectifier  will  be  located  about  25  feet  from  the  gate,  requiring 
50  feet  of  positive  and  negative  header  cable  to  the  gate. 

There  will  be  about  60  feet  of  cable  on  the  gate.  One  half 
of  the  cable  resistance  is  used  in  the  calculation  to  allow  for 
distribution  of  current. 
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Total  wire  length  then  is:  50  ft  +  30  ft  =  80  ft 

Resistance,  Ry^,  is  calculated  from  Equation  8: 

%  ~ - Lw-£mFT -  (Eq  8) 

1000 

where:  Lyy  =  80  ft  (Header  cable  length[As  noted  above] 

^MFT  “  0.159  ohms  (Resistance  per  1000 
linear  feet  of  No.  2  AWG  HMWPE) . 

Ry^  =  80  X  0 . 159  =  0.01  ohms 

1000 

Rc  =  0.00  (Structure-to-water  resistance  is  negligible. 


Total  resistance  (R^)  of  the  upstream  chamber  system  then  from 
Equation  7 : 


Rj  -  Rf^  +  Rw  +  Rc 


(Eq  7) 


Rj  -  1.24  +  0.01  +  0.0  =  1.25  ohms 

B)  Downstream  side 

Calculations  are  similar  to  those  for  the  upstream  chambers. 
Anode-to-water  resistance,  Rj^,  from  Equation  9  is: 


%  =  Ra/n 


where:  R^  =  4.95  ohms  (From  design  step  5). 

N  =  8  anode  rods  (From  design  step  3) . 

Rjvf  =  4.95/8  =  0.62  ohms 

Rw  =  0.01  ohms  wire  resistance:  (Wire  length  and 

resistance  is  the  same  as  the  upstream  side) . 

Total  resistance  (R.j.)  from  Equation  7: 

Rt  =  Rjsf  +  Rw  +  R^  =  0.62  +  0.01  +  0.0  =  0.63  ohms 
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7)  Determine  required  rectifier  voltage  and  current. 

A)  Upstream  side 

Skin  Plate 

Maximum  current  required:  3.50  A  (step  2a) 

Resistance:  7.72  ohms  (from  step  6a) 

Voltage  required,  Equation  5:  E=IxR=3.5x7.72=27  volts 

Chambers 

Maximum  current  required:  3.6  amperes  (from  step  2a) 

Resistance:  1.25  ohms  (from  step  6a) 

Voltage  required.  Equation  5:  E=IxR=3.6xl.25=4.5  volts 

B)  Downstreeun  side 

Maximum  current  required:  24.2  amperes  (from  step  2b) 

Resistance:  0.63  ohms  (from  step  6b) 

Voltage  required.  Equation  5:  E=  I  xR=  24.2  x  0.63  =  15.3  volt 

SELECTION  OP  RECTIFIER 

The  largest  design  voltage  requirement  is  27  volts.  Using  a 
factor  of  safety  of  120%,  rectifier  voltage  is  calculated: 

27  volts  X  (120%)  =  33  volts 

Total  current  required: 

Upstream  skin  plate  =  3.50  amperes 

Upstream  chambers  =  7.1  amperes 

Downstream  chambers  =  24.2  amperes 

34.8  amperes 


A  commercially  available  rectifier  having  an  output  of  40 
volts,  40  amperes  is  chosen.  Because  of  the  different  circuit 
resistances,  separate  control  over  each  circuit  is  required. 

This  is  best  handled  by  a  rectifier  having  3  separate  automatic 
constant  current  output  circuits.  Figure  A-1  shows  the  circuitry. 
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Figure  A-1.  Circuit  Diagram  Lock  Miter  Gate. 


ROD  ANODE  INSTALLATION 

Rod  anodes  can  be  supported  by  the  cable  from  a  clevis  at 
the  top  of  the  gate.  Since  ice  and  debris  are  expected,  the 
anodes  need  to  be  protected.  This  is  best  done  by  installing 
them  within  perforated  polyethylene  or  fiberglass  pipes.  A  steel 
half  pipe  bumper  is  used  outside  the  plastic  pipe.  The  anodes 
may  be  secured  at  the  bottom  using  a  stabilizing  weight  or  stand 
off  device. 

OTHER  GATE  APPLICATIONS 

Anode  configurations  for  a  Cordell  Hull  fainter  gate  and  a 
Cape  Canaveral  sector  gate  are  shown  in  Figures  6  and  7 . 
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APPENDIX  B:  Specification  for  Ceramic  Coated  Anode  Material 


1 . 0  CONDUCTIVE  CERAMIC  ANODE  MATERIAL 

The  electrically  conductive  ceramic  coating  shall  cpontain  a 
mixture  consisting  primarily  of  iridium,  tantalum  and  titanium 
oxides.  Although  the  exact  composition  of  the  conducting  oxide 
layer  can  vary,  the  average  composition  is  generally  a  50/50 
atomic  percent  mixture  of  iridium  and  titanium  oxides,  with  a 
small  amount  of  tantalum.  In  addition,  it  is  the  manufacturer's 
responsibility  to  test  the  resistivity  (no  less  than  0.002  ohm- 
centimeter)  ,  bond  strength  (greater  than  50  MPa) ,  and  current 
capacity  life,  in  order  to  guarantee  the  quality  of  the 
conductive  ceramic  coating.  The  adhesion  or  bond  strength  shall 
be  determined  by  epoxy  bonding  a  2-54  mm  diameter  stud  to  the 
ceramic  coating  and  measuring  the  load  to  failure  of  either  the 
epoxy  (about  70  MPa)  or  the  interface  between  the  coating  and  the 
substrate.  The  anode  must  be  inert  and  the  electrically 
conductive  ceramic  coating  dimensionally  stable.  The  ceramic 
coated  anode  shall  be  capable  of  sustaining  a  current  density  of 
100  ampere/meter^  in  an  oxygen  generating  electrolyte  at  150 °F 
for  20  years,  to  insure  the  current  capacity  life.  An 
accelerated  current  capacity  life  test  must  be  performed  by  the 
manufacturer  on  every  lot  of  anode  wire  used  to  construct  the 
anode  as  described  in  section  2.0. 1.1.  The  mixed  metal  oxide 
coating  shall  be  applied  to  the  wire  anode  by  a  firm  which  is 
regularly  engaged  in  and  has  a  minimum  5  years  experience  in 
manufacturing  and  applying  mixed  metal  oxide  coatings  to  titanium 
anode  substrates.  The  mixed  metal  oxide  must  be  sintered  to  the 
titanium  surface  in  such  a  way  that  it  remains  tightly  bound  to 
the  surface  when  bent  180°  onto  itself. 
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Accelerated  Anode  Life  Test 

(To  be  Conducted  by  the  Manufacturer) 


The  anode  wire  material  is  to  be  suitable  for  sustaining 
current  densities  of  100  ampere/meter^  in  an  oxygen  generating 
electrolyte  for  20  years.  The  manufacturer  shall  certify  that  a 
representative  sample  taken  from  the  same  lot  used  to  construct 
the  anode,  has  been  tested  and  meets  the  following  criteria.  The 
test  cell  is  able  to  sustain  a  current  density  of  10,000 
ampere/meter^  in  a  15  weight  percent  sulfuric  acid  electrolyte  at 
150 °F  without  an  increase  in  anode  to  cathode  potential  of  more 
than  1  volt.  The  cell  containing  the  anode  shall  be  powered  with 
a  constant  current  power  supply  for  the  30  day  test  period.  The 
representative  sample  shall  be  5”  in  length  and  be  taken  from  the 
lot  of  wire  which  is  to  be  used  for  the  anode. 
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APPENDIX  C:  Potential  Survey  Data  of  Pike  Island  Auxiliary 
Lock  (Upstream  Gate/Upstream  Side) 


Cl 


PIKE  ISLAND  AUXILIARY  LOCK 

TOP  VIEW  OF  MITER  GATE 
(DRAWING  APPLIES  TO  UPPER  &  LOWER  GATES) 

REFERENCE  CELL  LOCATIONS 


FOR  POTENTIAL  MEASUREMENTS 


UPPER  GATE 

COMPARTMENT  (DOWNSTREAM)  SIDE 


PIKE  ISLAim  AUXILIARY  LOCK 
Up  Strea*  GateAlp  Stream  Side 

ISLAND  WALL  LEAF 


ftwin  flaiand  Main 


DEPTH  ON 


Bottom 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 
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1.413 
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OFF 
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0.996 
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1.053 
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QH 
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0.702 

0.106 
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0.171 
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0.209 
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DEPTH 


2nd  Anode  Colui 
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6 

9 

12 

15 
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0.232 
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QH 
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0.736 

3 

0.805 
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6 
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9 
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12 
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15 
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18 
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21 
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24 

1.096 
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27 
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0.908 

30 
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QH 
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0.198 
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ON 
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0.718 
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PIICE  ISLAND  AUXILIARY  LOCK 
Up  StreaM  Gate/Up  Stream  Side 
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PIICE  ISLAM)  AUXILIARY  LOCK 
Up  Strei*  Gate/Up  Stream  Side 

LAND  UALL  LEAF 


DEPTH 

ON 

Bottom 

0.822 

3 

0.835 

6 

1.108 

9 

1.273 

12 

1.200 

15 

1.170 

18 

1.399 

21 

1.502 

24 

1.328 

27 

1.399 

30 

1.093 

Imi 


9££ 

DECAY 

DELTA 

OB 

0.758 

0.660 

0.098 

0.794 

0.797 

0.673 

0.124 

0.797 

0.923 

0.719 

0.204 

0.973 

0.968 

0.739 

0.229 

0.950 

0.983 

0.731 

0.252 

0.971 

0.980 

0.746 

0.234 

1.062 

1.018 

0.766 

0.252 

1.046 

1.042 

0.787 

0.255 

1.068 

1.017 

0.809 

0.208 

1.156 

1.027 

0.804 

0.223 

1.056 

0.959 

0.742 

0.217 

1.048 

-  ^  CoUgn  IrntMean  Anode  Cotiia 


OFF 

&f£AY 

DELTA 

OB 

OFF 

91^ 

B£kIA 

0.742 

0.639 

0.103 

0.882 

0.802 

0.661 

0.141 

0.743 

0.641 

0.102 

0.873 

0.781 

0.663 

0.118 

0.860 

0.678 

0.182 

0.952 

0.819 

0.682 

0.137 

0.873 

0.692 

0.181 

0.986 

0.855 

0.696 

0.159 

0.889 

0.697 

0.192 

0.977 

0.872 

0.701 

0.171 

0.916 

0.713 

0.203 

0.990 

0.884 

0.709 

0.175 

0.918 

0.736 

0.182 

1.015 

0.892 

0.716 

0.176 

0.915 

0.730 

0.185 

1.022 

0.900 

0.718 

0.182 

0.921 

0.726 

0.195 

1.022 

0.899 

0.719 

0.180 

0.935 

0.741 

0.194 

1.036 

0.903 

0.724 

0.179 

0.940 

0.759 

0.181 

1.034 

0.914 

0.732 

0.182 

3rd  Anode  Cotfns 


BetMeen  Anode  CoIi^m 


2nd  Anode  Colii 


DEPTH 

ON 

OFF 

DECAY 

DELTA 

QB 

OFF 

DECAY 

DELTA 

Bottom 

0.874 

0.790 

0.664 

0.126 

0.884 

0.798 

0.669 

0.129 

3 

0.838 

0.788 

0.668 

0.120 

0.851 

0.780 

0.668 

0.112 

6 

1 .054 

0.839 

0.690 

0.149 

1.080 

0.840 

0.695 

0.145 

9 

1.073 

0.873 

0.705 

0.168 

1.082 

0.889 

0.705 

0.184 

12 

1.042 

0.891 

0.708 

0.183 

1.039 

0.918 

0.694 

0.224 

15 

1.074 

0.893 

0.711 

0.182 

1.109 

0,901 

0.714 

0.187 

18 

1.350 

0.913 

0.714 

0.199 

1.121 

0.909 

0.720 

0.189 

21 

1.087 

0.901 

0.719 

0.182 

1.139 

0,912 

0.723 

0.189 

24 

1.088 

0.904 

0.721 

0.183 

1.106 

0.929 

0,724 

0.204 

27 

1.219 

0.914 

0.727 

0.187 

1.102 

0.929 

0.729 

0.200 

30 

1.098 

0.917 

0.751 

0.166 

1.127 

0.923 

0.735 

0.188 

ON 

OFF 

0.872 

0.807 

0.908 

0.812 

1.134 

0.858 

1.164 

0.885 

1.127 

0.899 

1.159 

0.908 

1.366 

0.915 

1.190 

0.916 

1.185 

0.925 

1.269 

0.926 

1.182 

0.929 

decay  delta 

0.684  0.123 
0.692  0.120 
0.707  0.151 
0.713  0.172 
0.719  0.180 
0.723  0.185 
0.727  0.188 
0.728  0.188 
0.728  0.197 
0.730  0.196 
0.734  0.195 


Between  Anode  8  Bevel 


DEPTH 


ON 


OFF 


DECAY  DELTA 


ON 


Bevel 

OFF  DECAY 


ftjoin  (Land  Mall) 


DELTA 


0«  OFF  DECAY  DELTA 


Bottom 

0.930 

0.846 

3 

0.962 

0.860 

6 

1.121 

0.912 

9 

1.233 

0.961 

12 

1.292 

0.973 

15 

1.380 

0.997 

18 

1.430 

1.005 

21 

1.474 

1.014 

24 

1.500 

1.002 

27 

1.460 

0.996 

30 

1.171 

0.963 

0.712 

0.134 

0.944 

0.719 

0.141 

0.970 

0.739 

0.173 

1.252 

0.760 

0.201 

1.370 

0.776 

0.197 

1.440 

0.784 

0.213 

1.612 

0.783 

0.222 

1.800 

0.778 

0.236 

1.780 

0.765 

0.237 

1.800 

0.747 

0.249 

1.903 

0.665 

0.298 

1.399 

0.849 

0.865 

0.990 

1.030 

1.042 

1.050 

1.083 

1.090 

1.083 

1.099 

1.066 


0.692 

0.699 

0.745 

0.784 

0.811 

0.809 

0.817 

0.835 

0.815 

0.803 

0.780 


0.157 

0.166 

0.245 

0.246 

0.231 

0.241 

0.266 

0.255 

0.268 

0.296 

0.286 


0.874 

0.844 

1.108 

1.261 

1.342 

1.483 

1.616 

1.730 

1.797 

1.746 

1.554 


0.809 

0.617 

0.192 

0.777 

0.591 

0.186 

0.924 

0.728 

0.196 

1.003 

0.790 

0.213 

1.025 

0.809 

0.216 

1.052 

0.821 

0.231 

1.078 

0.838 

0.240 

1.090 

0.841 

0.249 

1.094 

0.828 

0.266 

1.063 

0.806 

0.257 

1.026 

0.779 

0.247 

C6 


PIKE  ISLAND  AUXILIARY  LOCK 
Up  Stream  Gate/Doun  Stream  Side 

ISLAND  WALL  LEAF 


DEPTH 

ON 

Bottom 

0.609 

3 

0.859 

6 

0.999 

9 

1.063 

12 

1.234 

15 

1.392 

18 

1.618 

21 

1.799 

24 

2.231 

27 

2.117 

DEPTH 

ON 

Bottom 

1.098 

3 

1.202 

6 

1.240 

9 

1.295 

12 

1.388 

15 

1.492 

18 

1.779 

21 

1.900 

24 

2.271 

27 

1.780 

DEPTH 

ON 

Bottom 

1.188 

3 

1.305 

6 

1.405 

9 

1.434 

12 

1.583 

15 

1.816 

18 

2.057 

21 

2.300 

24 

2.617 

27 

2.520 

Quoin  (Island 


OFF 

DECAY 

0.600 

0.579 

0.741 

0.643 

0.916 

0.736 

0.903 

0.765 

1.016 

0.758 

1.022 

0.766 

1.033 

0.789 

1.046 

0.749 

1.021 

0.785 

1.003 

0.638 

19.0 

Feet 

OFF 

DECAY 

0.989 

0.816 

0.996 

0.817 

1.026 

0.825 

1.033 

0.827 

1.057 

0.816 

1.050 

0.819 

1.055 

0.801 

1.051 

0.787 

1.063 

0.774 

1.064 

0.760 

50.0 

Feet 

OFF 

DECAY 

0.986 

0.830 

1.035 

0.841 

1.065 

0.860 

1.080 

0.866 

1.100 

0.862 

1.100 

0.855 

1.103 

0.848 

1.133 

0.833 

1.142 

0.812 

1.135 

0.807 

il 

DELTA  ON 

0.021  0.963 

0.098  0.954 

0.180  1.006 
0.138  1.074 

0.258  1.186 

0.256  1.358 

0.244  1.499 

0.297  1.638 

0.236  1.818 

0.365  1.740 


DELTA  ON 

0.173  1.126 
0.179  1.210 
0.201  1.278 
0.206  1.315 
0.241  1.516 
0.231  1.699 
0.254  1.942 
0.264  2.147 
0.289  2.399 
0.304  2.056 


DELTA  ON 

0.156  0.960 
0.194  1.318 
0.205  1.399 
0.214  1.524 
0.238  1.683 
0.245  1.887 
0.255  2.385 
0.300  2.520 
0.330  2.645 
0.328  2.800 


7.0  Feet 


OFF 

DECAY 

0.879 

0.733 

0.863 

0.714 

0.903 

0.733 

0.928 

0.747 

0.943 

0.752 

0.983 

0.755 

0.973 

0.736 

0.985 

0.711 

0.984 

0.692 

0.979 

0.669 

25.0 

Feet 

OFF 

DECAY 

0.940 

0.809 

0.986 

0.802 

1.016 

0.817 

1.033 

0.840 

1.059 

0.839 

1.078 

0.847 

1.092 

0.828 

1.087 

0.816 

1.096 

0.808 

1.089 

0.795 

56.0 

Feet 

OFF 

DECAY 

0.856 

0.737 

1.008 

0.795 

1.059 

0.841 

1.072 

0.866 

1.083 

0.863 

1.100 

0.860 

1.123 

0.830 

1.117 

0.807 

1.113 

0.787 

1.115 

0.772 

DELTA  ON 

0.146  1.070 
0.149  1.147 
0.170  1.283 
0.181  1.250 
0.191  1.336 
0.228  1.497 
0.237  1.662 
0.274  1.648 
0.292  1.917 
0.310  1.883 


DELTA  ON 

0.131  1.171 
0.184  1.313 
0.199  1.398 
0.193  1.435 
0.220  1.593 
0.231  1.734 
0.264  1.965 
0.271  2.367 
0.288  2.586 
0.294  2.667 


DELTA 

0.119 

0.213 

0.218 

0.206 

0.220 

0.240 

0.293 

0.310 

0.326 

0.343 


12.5  Feet 


OFF 

DECAY 

DELTA 

0.911 

0.803 

0.108 

0.999 

0.798 

0.201 

1.014 

0.803 

0.211 

1.019 

0.821 

0.198 

1.024 

0.816 

0.208 

1.016 

0.800 

0.216 

1.036 

0.788 

0.248 

1.014 

0.756 

0.258 

1.030 

0.738 

0.292 

1.019 

0.722 

0.297 

37.5 

Feet 

OFF 

DECAY 

DELTA 

1.023 

0.836 

0.187 

1.031 

0.849 

0.182 

1.070 

0.861 

0.209 

1.086 

0.864 

0.222 

1.093 

0.863 

0.230 

1.113 

0.866 

0.247 

1.102 

0.850 

0.252 

1.116 

0.834 

0.282 

1.120 

0.829 

0.291 

1.127 

0.823 

0.304 

C7 


PIKE  ISLAND  AUXILIARY  LOCK 
Up  Stream  Gate/Down  Stream  Side 


Niter 


DEPTH 


Bottom 

3 

6 

9 

12 

15 

18 

21 

2A 

27 


ON 

0.940 

0.910 

1.000 

1.167 

1.322 

1.473 

1.543 

1.892 

2.055 

1.905 


OFF 

0.799 

0.808 

0.912 

0.959 

1.018 

1.057 

1.048 

1.118 

1.107 

1.059 


DECAY 

0.502 

0.701 

0.760 

0.759 

0.806 

0.811 

0.802 

0.779 

0.738 

0.660 


DELTA 

0.297 

0.107 

0.152 

0.200 

0.212 

0.246 

0.246 

0.339 

0.369 

0.399 


C8 


PIKE  ISLAND  AUXILIARY  LOCK 
Up  Stream  Gate/Down  Stream  Side 

LAND  WALL  LEAF 


56.0 

Feet 

50.0 

Feet 

37.5 

Feet 

DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

Bottom 

1.107 

0.894 

0.730 

0.164 

1.011 

0.906 

0.750 

0.156 

1.061 

0.921 

0.758 

0.163 

3 

1.149 

0.958 

0.732 

0.226 

1.096 

0.933 

0.730 

0.203 

1.188 

0.991 

0.742 

0.249 

6 

1.234 

1.002 

0.762 

0.240 

1.149 

0.967 

0.722 

0.245 

1.118 

0.976 

0.723 

0.253 

9 

1.326 

1.023 

0.779 

0.244 

1.170 

0.968 

0.726 

0.242 

1.141 

0.967 

0.718 

0.249 

12 

1’.495 

1.072 

0.802 

0.270 

1.355 

1.020 

0.757 

0t263 

1.356 

0.992 

0.732 

0.260 

15 

1.687 

1.072 

0.798 

0.274 

1.501 

1.047 

0.764 

0.283 

1.491 

1.026 

0.734 

0.292 

18 

1.971 

1.056 

0.769 

0.287 

1.843 

1.051 

0.765 

0.286 

1.711 

1.031 

0.745 

0.286 

21 

2.379 

1.094 

0.774 

0.320 

1.993 

1.044 

0.742 

0.302 

1.903 

1.041 

0.733 

0.308 

24 

2.699 

1.095 

0.759 

0.336 

2.110 

1.056 

0.726 

0.330 

2.066 

1.057 

0.727 

0.330 

27 

2.101 

1.078 

0.724 

0.354 

1.789 

1.036 

0.708 

0.328 

1.722 

1.032 

0.707 

0.325 

25.0 

Feet 

19.0 

Feet 

12.5 

Feet 

DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

Bottom 

1.019 

0.921 

0.767 

0.154 

0.994 

0.892 

0.762 

0.130 

0.983 

0.901 

0.768 

0.133 

3 

1.148 

0.961 

0.716 

0.245 

1.005 

0.902 

0.723 

0.179 

1.052 

0.899 

0.726 

0.173 

6 

1.112 

0.955 

0.707 

0.248 

0.993 

0.884 

0.695 

0.189 

1.086 

0.928 

0.715 

0.213 

9 

1.163 

0.958 

0.718 

0.240 

1.051 

0.917 

0.695 

0.222 

1.114 

0.928 

0.7.17 

0.211 

12 

1.486 

1.006 

0.723 

0.283 

1.184 

0.945 

0.699 

0.246 

1.290 

0.964 

0.703 

0.261 

15 

1.566 

1.002 

0.714 

0.288 

1.242 

0.939 

0.685 

0.254 

1.428 

0.984 

0.694 

0.290 

18 

1.699 

1.006 

0.708 

0.298 

1.327 

0.955 

0.680 

0.275 

1.621 

0.970 

0.676 

0.294 

21 

1.734 

1.008 

0.695 

0.313 

1.394 

0.954 

0.663 

0.291 

1.672 

0.981 

0.663 

0.318 

24 

1.775 

0.996 

0.692 

0.304 

1.521 

0.966 

0.660 

0.306 

1,726 

0.984 

0.635 

0.349 

27 

1.600 

1.003 

0.676 

0.327 

1,348 

0,934 

0.646' 

0.288 

1.376 

0.918 

0.611 

0.307 

7.0  Feet 


Quoin  (land  Wall) 


DEPTH 

ON 

OFF 

Bottom 

0.821 

0.702 

3 

0.818 

0.762 

6 

0.818 

0.746 

9 

0.905 

0.796 

12 

1.027 

0.829 

15 

1.130 

0.867 

18 

1.307 

0.893 

21 

1.448 

0.873 

24 

1.574 

0.892 

27 

1.409 

0.856 

DECAY 

DELTA 

ON 

0.735 

***** 

0.654 

0.676 

0.086 

1.079 

0.652 

0.094 

0.935 

0.654 

0.142 

0.840 

0.672 

0.157 

0.963 

0.652 

0.215 

0.987 

0.648 

0.245 

1.143 

0.620 

0.253 

1.499 

0.589 

0.303 

2.158 

0.570 

0.286 

1.787 

OFF 

DECAY 

DELTA 

0.638 

0.534 

0.104 

0.805 

0.622 

0.183 

0.760 

0.662 

0.098 

0.716 

0.611 

0.105 

0.796 

0.618 

0.178 

0.865 

0.624 

0.241 

0.831 

0.573 

0.258 

0.850 

0.565 

0.285 

0.888 

0.528 

0.360 

0.887 

0.419 

0.468 

C9 


PIKE  ISLAND  AUXILIARY  LOCK 
Down  Stream  Gate/Up  Stream  Side 

ISLAND  WALL  LEAF 


Quoin  (Island  Wall) 


DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

Bottom 

1.040 

0.945 

0.804 

0.141 

1.119 

0.962 

0.820 

3 

0.927 

0.818 

0.660 

0.158 

1.149 

0.965 

0.815 

6 

1.088 

0.941 

0.800 

0.141 

1.290 

1.015 

0.835 

9 

1 .326 

1.041 

0.854 

0.187 

1.436 

1.057 

0.857 

12 

1 .540 

1.083 

0.864 

0.219 

1.633 

1.097 

0.853 

15 

1.524 

1.086 

0.856 

0.230 

1.724 

1.104 

0.843 

18 

1.431 

1.030 

0.829 

0.201 

1.690 

1.137 

0.842 

21 

1.560 

1.068 

0.809 

0.259 

1.735 

1.102 

0.883 

24 

1.735 

1.082 

0.812 

0.270 

1.999 

1.104 

0.836 

27 

1.899 

1.100 

0.807 

0.293 

2.276 

1.076 

0.811 

30 

2.299 

1.108 

0.797 

0.311 

2.489 

1.068 

0.805 

33 

2.530 

1.103 

0.772 

0.331 

2.704 

1.064 

0.785 

36 

2.470 

1.094 

0.750 

0.344 

3.280 

1.105 

0.765 

39 

2.434 

1.099 

0.728 

0.371 

2.566 

1.086 

0.755 

BetMeen  Bevel  t  Anode 


DELTA 

0.142 

0.150 

0.180 

0.200 

0.244 

0.261 

0.295 

0.219 

0.268 

0.265 

0.263 

0.279 

0.340 

0.331 


ON 

1.072 

1.097 

1.240 

1.342 

1.399 

1.440 

1.457 

1.581 

1.647 

1.830 

1.947 

1.961 

1.999 

1.899 


OFF 

0.957 

0.969 

0.981 

0.999 

1.013 

1.029 

1.039 

1.035 

1.011 

1.020 

1.021 

1.017 

1.021 

1.012 


DECAY 

0.824 

0.827 

0.819 

0.815 

0.819 

0.812 

0.810 

0.805 

0.790 

0.784 

0.775 

0.768 

0.756 

0.753 


DELTA 

0.133 

0.142 

0.162 

0.184 

0.194 

0.217 

0.221 

0.230 

0.229 

0.236 

0.246 

0.249 

0.265 

0.259 


DEPTH 

ON 

Bottom 

1.073 

3 

1.066 

6 

1.252 

9 

1.229 

12 

1.238 

15 

1.252 

18 

1.172 

21 

1.690 

24 

1.278 

27 

1.299 

30 

1.500 

33 

1.374 

36 

1.506 

39 

1.397 

2nd  Anode  Colun 


Between  Anode  Cottis 


OFF 

0.947 

0.941 

0.933 

0.935 

0.945 

0.958 

0.963 

0.932 

0.931 

0.918 

0.919 

0.906 

0.913 

0.914 


DECAY 

0.776 

0.777 

0.771 

0.760 

0.758 

0.760 

0.768 

0.751 

0.737 

0.729 

0.724 

0.722 

0.719 

0.721 


DELTA 

0.171 

0.164 

0.162 

0.175 

0.187 

0.198 

0.195 

0.181 

0.194 

0.189 

0.195 

0.184 

0.194 

0.193 


ON 

1.052 

1.051 

1.201 

1.189 
1.133 
1.022 
1.128 
1.161 
1.178 
1.100 
1.100 
1.275 
1.314 

1.190 


OFF* 

0.780 

0.787 

0.776 

0.762 

0.748 

0.720 

0.754 

0.756 

0.737 

0.699 

0.703 

0.723 

0.725 

0.726 


DECAY 

0.759 

0.756 

0.753 

0.742 

0.732 

0.724 

0.731 

0.731 

0.714 

0.681 

0.696 

0.709 

0.711 

0.711 


DELTA 

0.021 

0.031 

0.023 

0.020 

0.016 

•••*• 

0.023 

0.025 

0.023 

0.018 

0.007 

0.014 

0.014 

0.015 


3rd  Anode  Colum 


ON 

OFF 

1.038 

0.915 

1.023 

0.920 

1.175 

0.908 

1.178 

0.911 

1.165 

0.923 

1.184 

0.925 

1.112 

0.911 

1.543 

0.905 

1.195 

0.884 

1.207 

0.877 

1.396 

0.882 

1.313 

0.883 

1.690 

0.897 

1.336 

0.879 

DECAY  DELTA 

0.744  0.171 
0.743  0.177 
0.748  0.160 
0.729  0.182 
0.722  0.201 
0.715  0.210 
0.707  0.204 
0.716  0.189 
0.705  0.179 
0.701  0.176 
0.702  0.180 
0.704  0.179 
0.706  0.191 
0.705  0.174 


CIO 


PIKE  ISLAND  AUXILIARY  LOCK 
Down  Stream  Gate/Up  Stream  Side 


ISLAND  WALL  LEAF 


Between  Anode  Colure  *th  Anode  Colfn  Bevel 


DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

Bottom 

1.023 

0.911 

0.741 

0.170 

0.982 

0.882 

0.742 

0.140 

1.037 

0.887 

0.750 

3 

1.007 

0.903 

0.733 

0.170 

0.969 

0.876 

0.726 

0.150 

1.060 

0.990 

0.746 

6 

1.158 

0.893 

0.728 

0.165 

1.158 

0.908 

0.723 

0.185 

1.164 

0.945 

0.745 

9 

1.144 

0.893 

0.715 

0.178 

1.113 

0.912 

0.702 

0.210 

1.199 

1.000 

0.822 

12 

1.072 

0.875 

0.704 

0.171 

1.105 

0.882 

0.690 

0.192 

1.199 

0.990 

0.809 

15 

1.012 

0.861 

0.684 

0.177 

1.063 

0.849 

0.692 

0.157 

1.529 

1.007 

0.775 

18 

0.839 

0.770 

0.637 

0.133 

0.824 

0.747 

0.668 

0.079 

1.400 

1.018 

0.782 

21 

1.028 

0.844 

0.658 

0.186 

1.297 

0.889 

0.701 

0.188 

1.600 

1.011 

0.747 

24 

1.108 

0.864 

0.685 

0.179 

1.229 

0.873 

0.699 

0.174 

2.299 

1.007 

0.755 

27 

1.146 

0.866 

0.694 

0.172 

1.300 

0.885 

0.691 

0.194 

2.160 

0.977 

0.741 

30 

1.080 

0.860 

0.696 

0.164 

1.522 

0.896 

0.697 

0.199 

2.315 

0.971 

0.729 

33 

1.238 

0.875 

0.698 

0.177 

1.500 

0.889 

0.698 

0.191 

2.565 

0.978 

0.720 

36 

1.287 

0.871 

0.698 

0.173 

2.421 

0.942 

0.694 

0.248 

2.431 

0.964 

0.699 

39 

1.294 

0.873 

0.697 

0.176 

1.440 

0.904 

0.686 

0.218 

1.851 

0.936 

0.652 

Niter 

DEPTH 

ON 

OFF 

DECAY 

DELTA 

Bottom 

1.041 

0.885 

0.750 

0.135 

3 

1.033 

0.898 

0.753 

0.145 

6 

1.189 

0.947 

0.767 

0.180 

9 

1.271 

0.993 

0.780 

0.213 

12 

1.343 

1.002 

0.779 

0.223 

15 

1.318 

0.963 

0.763 

0.200 

18 

1.113 

0.834 

0.730 

0.104 

21 

1.069 

0.836 

0.687 

0.149 

24 

1.466 

0.927 

0.706 

0.221 

27 

1.655 

0.965 

0.711 

0.254 

30 

1.894 

0.951 

0.703 

0.248 

33 

1.727 

0.930 

0.704 

0.226 

36 

1.600 

0.903 

0.691 

0.212 

Cll 


DELTA 

0.137 

0.244 

0.200 

0.178 

0.181 

0.232 

0.236 

0.264 

0.252 

0.236 

0.242 

0.258 

0.265 

0.284 


PIKE  ISLAND  AUXILIARY  LOCK 
Down  Stream  Gate/Up  Stream  Side 

LAND  WALL  LEAF 


DEPTH  ON 


level 

OFF  DECAY  DELTA  ON 


4th  Anode  Cotfi 

OFF  DECAY  DELTA 


BetMeen  Anode  Colin 

9£f  decay  DELTA 


Bottom 

1.043 

0.865 

3 

1.072 

0.897 

6 

1.299 

0.963 

9 

1.239 

1.000 

12 

1.503 

0.999 

15 

1.489 

1.005 

18 

1.399 

1.047 

21 

1.348 

1.034 

24 

1.799 

0.996 

27 

2.020 

0.989 

30 

2.600 

1.011 

33 

2.215 

0.992 

36 

1.684 

0.937 

39 

1.399 

0.890 

0.753 

0.112 

1.007 

0.756 

0.141 

0.966 

0.790 

0.173 

0.999 

0.771 

0.229 

1.068 

0.787 

0.212 

1.039 

0.760 

0.245 

1.138 

0.733 

0.314 

0.896 

0.733 

0.301 

1.200 

0.746 

0.250 

1.257 

0.734 

0.255 

1.317 

0.733 

0.278 

1.463 

0.731 

0.261 

1.478 

0.720 

0.217 

2.004 

0.709 

0.181 

1.419 

0.877 

0,754 

0.123 

0.864 

0.749 

0.115 

0.887 

0.745 

0.142 

0.870 

0.729 

0.141 

0.866 

0.705 

0.161 

0.888 

0.688 

0.200 

0.820 

0.613 

0.207 

0.896 

0.701 

0.195 

0.892 

0.699 

0.193 

0.909 

0.705 

0.204 

0.915 

0.708 

0.207 

0.909 

0.707 

0.202 

0.906 

0.700 

0.206 

0.909 

0.684 

0.225 

0.965 

0.865 

0.764 

0.101 

0.950 

0.866 

0.768 

0.098 

1.109 

0.883 

0.749 

0.134 

1.135 

0.877 

0.734 

0.143 

1.054 

0.867 

0.719 

0.148 

1.006 

0.861 

0.698 

0.163 

0.836 

0.777 

0.653 

0.124 

0.950 

0.814 

0.682 

0.132 

1.109 

0.860 

0.700 

0.160 

1.184 

0.881 

0.708 

0.173 

1.240 

0.885 

0.685 

0.200 

1.283 

0.892 

0.704 

0.188 

1.315 

0.899 

0.705 

0.194 

1.322 

0.894 

0.705 

0.189 

3rd  Anode  Colfns 


BetMcen  Anode  Ccl 


2nd  Anode  CnliMn 


DEPTH  ON 


OFF  DECAY  DELTA  ON 


OFF  DECAY  DELTA  ON 


OFF  DECAY  DELTA 


Bottom 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

39 


0.964 

0.990 

1.162 

1.165 

1.147 

1.163 

0.954 

1.194 

1.157 

1.192 

1.399 

1.313 

1.483 

1.337 


0.870 

0.888 

0.903 

0.907 

0.899 

0.901 

0.848 

0.880 

0.876 

0.884 

0,897 

0.894 

0.902 

0.892 


0.768 

0.777 

0.764 

0.753 

0.746 

0.744 

0.743 

0.732 

0.723 

0.718 

0.714 

0.716 

0.716 

0.718 


0.102 

0.111 

0.139 

0.154 

0.153 

0.157 

0.105 

0.148 

0.153 

0,166 

0.183 

0.178 

0.186 

0.174 


0.980  0.882 
0.999  0.904 

1.172  0.919 
1.177  0.915 
1.137  0.913 
1.078  0.901 
0.999  0.887 
1.086  0.902 
1.147  0.907 
1.112  0.914 

1.173  0.917 
1.272  0.912 
1.301  0.920 
1.307  0.901 


0.780 

0.102 

0.787 

0.117 

0.776 

0.143 

0.762 

0.153 

0.748 

0.165 

0.720 

0.181 

0.754 

0.133 

0.756 

0.146 

0.737 

0.170 

0.699 

0.215 

0,703 

0.214 

0.723 

0.189 

0.725 

0.195 

0.726 

0.175 

1.053  0.935 

1.049  0.938 

1.199  0.951 

1.225  0.941 

1.200  0.945 

1.216  0.969 

1.163  0.957 

1.367  0.944 

1.263  0.925 

1.290  0.924 

1.460  0.926 

1.373  0.921 

1.565  0.926 

1.368  0.923 


0.796 

0.139 

0.798 

0.140 

0.790 

0.161 

0.781 

0.160 

0.774 

0.171 

0.777 

0.192 

0.787 

0.170 

0.780 

0.164 

0.760 

0.165 

0.749 

0.175 

0.743 

0.183 

0.743 

0.178 

0.740 

0.186 

0.738 

0.185 

C12 


PI  ICE  ISLAND  AUXILIARY  LOCK 
Down  Stream  Gate/Up  Stream  Side 

LAND  WALL  LEAF 


BetMeen  Anode  t  Bevel 


DEPTH 

ON 

OFF 

Bottom 

1.211 

0.991 

3 

1.224 

0.999 

6 

1.322 

1.013 

9 

1.445 

1.031 

12 

1.499 

1.038 

15 

1.532 

1.045 

18 

1.594 

1.040 

21 

1.671 

1.033 

24 

1.689 

1.018 

27 

1.723 

1.009 

30 

1.807 

1.011 

33 

1.790 

0.998 

36 

1.739 

1.002 

39 

1.698 

0.990 

DECAY 

DELTA 

0.836 

0.155 

1.173 

0.835 

0.164 

1.016 

0.853 

0.160 

1.426 

0.852 

0.179 

1.566 

0.850 

0.188 

1.595 

0.846 

0.199 

1.700 

0.840 

0.200 

1.690 

0.835 

0.198 

1.766 

0.820 

0.198 

1.809 

0.813 

0.196 

1.914 

0.802 

0.209 

2.021 

0.795 

0.203 

1.924 

0.789 

0.213 

1.672 

0.786 

0.204 

1.580 

Quoin  fland  Uatl) 


OFF 

DECAY 

DELTA 

0.996 

0.829 

0.167 

0.871 

0.818 

0.053 

1.022 

0.823 

0.199 

1.074 

0.875 

0.199 

1.089 

0.897 

0.192 

1.071 

0.891 

0.180 

1.047 

0.866 

0.181 

1.064 

0.858 

0.206 

1.071 

0.862 

0.209 

1.065 

0.857 

0.208 

1.065 

0.847 

0.218 

1.038 

0.832 

0.206 

1.002 

0.816 

0.187 

0.997 

0.805 

0.192 

Bevel 


ON 

OFF 

DECAY 

1.160 

1.005 

0.838 

1.190 

1.030 

0.829 

1.433 

1.038 

0.860 

1.701 

1.058 

0.886 

1.693 

1.068 

0.884 

1.726 

1.066 

0.873 

1.800 

1.061 

0.867 

1.836 

1.065 

0.869 

1.935 

1.064 

0.865 

1.989 

1.054 

0.839 

2.148 

1.037 

0.830 

2.200 

1.025 

0.827 

1.899 

1.025 

0.808 

1.738 

1.013 

0.801 

DELTA 

0.167 

0.201 

0.178 

0.172 

0.184 

0.193 

0;194 

0.196 

0.199 

0.215 

0.207 

0.198 

0.217 

0.212 


C13 


PIKE  ISLAND  AUXILIARY  LOCK 
Do«n  Stream  Gate/Down  Stream  Side 

ISLAND  WALL  LEAF 


Qupin  tlstand  Walt) 


DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

Bottom 

0.842 

0.789 

0.769 

0.020 

1.285 

3 

1.799 

1.027 

0.738 

0.289 

1.180 

6 

1.650 

0.995 

0.757 

0.238 

1.198 

9 

1.351 

1.011 

0.730 

0.281 

1.265 

12 

.1.245 

0.976 

0.694 

0.282 

1.278 

15 

1.263 

0.914 

0.602 

0.312 

1.328 

19.0 

Feet 

DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

Bottom 

1.352 

1.036 

0.866 

0.170 

1.320 

3 

1.383 

1.076 

0.849 

0.227 

1.507 

6 

1.465 

1.092 

0.846 

0.246 

1.599 

9 

1.521 

1.091 

0.829 

0.262 

1.613 

12 

1.554 

1.095 

0.802 

0.293 

1.721 

15 

1.541 

1.084 

0.755 

0.329 

1.780 

50; 

.0  Feet 

DEPTH 

ON 

OFF 

DECAY 

DELTA 

ON 

Bottom 

1.296 

1.036 

0.885 

0.151 

1.414 

3 

1.641 

1.093 

0.881 

0.212 

1.512 

6 

1.689 

1.115 

0.863 

0.252 

1.799 

9 

1.619 

1.123 

0.847 

0.276 

1.846 

12 

1.629 

1.111 

0.834 

0.277 

1.754 

15 

1.599 

1.100 

0.767 

0.333 

1.726 

DEPTH  ON 

Bottom  1.275 

3  1.234 

6  1.536 

9  1.444 

12  1.440 

15  1.531 


7.0 

Feet 

12.5 

Feet 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

1.019 

0.787 

0.232 

1.311 

1.085 

0.898 

1.002 

0.790 

0.212 

1.600 

1.075 

0.868 

1.003 

0.785 

0.218 

1.538 

1.085 

0.859 

1.003 

0.762 

0.241 

1.572 

1.077 

0.843 

1.001 

0.746 

0.255 

1.578 

1.078 

0.801 

0.997 

0.685 

'0.312 

1.541 

1.065 

0.751 

25.0 

OFF 

Feet 

DECAY 

DELTA 

ON 

37.5 

OFF 

Feet 

DECAY 

1.066 

0.859 

0.207 

1.387 

1.095 

0.869 

1.092 

0.861 

0.231 

1.650 

1.110 

0.854 

1.093 

0.855 

0.238 

1.699 

1.118 

0.840 

1.097 

0.850 

0.247 

1.770 

1.112 

0.833 

1.104 

0.825 

0.279 

1.690 

1.106 

0.813 

1.102 

0.738 

0.364 

1.599 

1.110 

0.751 

56.0 

Feet 

OFF 

DECAY 

DELTA 

1.058 

0.788 

0.270 

1.060 

0.871 

0.189 

1.097 

0.876 

0.221 

1.109 

0.864 

0.268 

1.109 

0.841 

0.268 

1.114 

0.770 

0.344 

Miter 


OFF 

DECAY 

DELTA 

0.976 

0.697 

0.279 

1.016 

0.791 

0.225 

1.074 

0.847 

0.227 

1.099 

0.848 

0.251 

1.088 

0.825 

0.263 

1.070 

0.754 

0.316 

DELTA 

0.187 

0.207 

0.226 

0.234 

0.277 

0.314 


DELTA 


0.226 

0.256 

0.278 

0.279 

0.293 

0.359 


C14 


PIKE  ISLAM)  AUXILIARY  LOCK 
Down  Stream  Gate/Down  Stream  Side 

LAM)  WALL  SIDE 


56.0  Feet 


50.0  Feet 


37.5  Feet 


DEPTH 

ON 

OFE 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

Bottom 

1.092 

0.887 

0.747 

0.140 

1.368 

1.054 

0.875 

0.179 

1.304 

1.068 

0.942 

0.126 

3 

1.850 

1.052 

0.863 

0.189 

1.491 

1.096 

0.874 

0.222 

1.491 

1.087 

0.902 

0.185 

6 

1.759 

1.107 

0.884 

0.223 

1.452 

1.098 

0.882 

0.216 

1.563 

1.098 

0.883 

0.215 

9 

1.858 

1.117 

0.869 

0.248 

1.493 

1.115 

0.881 

0.234 

1.563 

1.102 

0.887 

0.215 

12 

1.709 

1.101 

0.856 

0.245 

1.563 

1.108 

0.852 

0.256 

1.550 

1.105 

0.867 

0.238 

15 

1.549 

1.080 

0.767 

0.313 

1.538 

1.087 

0.782 

0.305 

1.399 

1.064 

0.811 

0.253 

25.0 

Feet 

19.0 

Feet 

12.5 

Feet 

DEPTH 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

ON 

OFF 

DECAY 

DELTA 

Bottom 

1.270 

1.041 

0.884 

0.157 

1.304 

1.049 

0.887 

0.162 

1.308 

1.065 

0.898 

0.167 

3 

1.380 

1.071 

0.890 

0.181 

1.361 

1.065 

0.881 

0.184 

1.500 

1.090 

0.905 

0.185 

6 

1.540 

1.109 

0.877 

0.232 

1.464 

1.082 

0.871 

0.211 

1.600 

1.088 

0.868 

0.220 

9 

1.360 

1.102 

0.876 

0.226 

1.491 

1.090 

0.856 

0.234 

1.584 

1.089 

0.851 

0.238 

12 

1.638 

1.104 

0.852 

0.252 

1.508 

1.086 

0.827 

0.259 

1.561 

1.065 

0.822 

0.243 

15 

1.429 

1.066 

0.807 

0.259 

1.499 

1.071 

0.778 

0.293 

1.415 

1.037 

0.749 

0.288 

DEPTH 

ON 

7.0 

OFF 

Feet 

DECAY 

DELTA 

ON 

Quoin  (Land  Wall) 

OFF  DECAY 

DELTA 

Bottom 

1.278 

1.027 

0.875 

0.152 

0.906 

0.810 

0.778 

0.032 

3 

1.283 

1.016 

0.839 

0.177 

1.297 

0.955 

0.812 

0.143 

6 

1.277 

1.000 

0.802 

0.198 

1.241 

0.957 

0.773 

0.184 

9 

1.267 

1.006 

0.771 

0.235 

1.238 

1.008 

0.759 

0.249 

12 

1.264 

1.007 

0.746 

0.261 

1.300 

0.994 

0.717 

0.277 

15 

1.384 

1.025 

0.713 

0.312 

1.000 

0.954 

0.616 

0.338 

C15 


PIKE  ISLAMO  RECTIFIER 
(RIVER  WALL  -  USG) 

■8/21/89 


Nanufacturw: 

Model: 

Type: 

Serial  Nuiter: 

Pri«ry: 

Output: 


Goodall 

TIAYCD  24-40/30/16/GGMPSZ 
003U51  -  4  Circuits 
86A1084 

^  VAC,  2.39/1.27  Aipperes,  Single  Phase,  60  Hz,  45'’c 

24/24  Volts,  3/16  Aitperes 


OPERATIMG  DATA 


CIRCUIT  #1 


CIRCUIT  #2 


CIRCUIT  « 


25.87  Volts 
12.78  Airperes 


17.80  Volts 
6.00  Ainperes 


17.73  Volts 
2.71  Anperes 


CIRCUIT  #4 

9.78  Volts 
0.68  Amperes 


TERMIMAL  MK  DATA 


Anode  String 


EAR  No 

Amperes 

E2 

1.60 

F2 

1.60 

G2 

1.50 

H2 

1.70 

12 

1.60 

J2 

1.50 

K2 

1.70 

L2 

1.50 

Anode  String 


EAR  No 

Amperes 

A2 

0.80 

B2 

0.70 

C2 

0.70 

02 

0.70 

M2 

0.80 

N2 

0.80 

02 

0.70 

P2 

0.70 

Anode  String 


EAR  No 

Amperes 

A1 

0.15 

B1 

0.19 

Cl 

0.17 

01 

0.14 

El 

0.16 

FI 

0.18 

G1 

0.14 

HI 

0.18 

11 

0.16 

J1 

0.19 

K1 

0.17 

LI 

0.20 

Ml 

0.18 

N1 

0.17 

01 

0.12 

PI 

0.21 

Anode  Disk 


ISA  Wo  Amperes 

1  0.045 

2  0.045 

3  0.045 

4  0.045 

5  0.045 

6  0.045 

7  0.045 

8  0.045 

9  0.045 

10  0.045 

11  0.045 

12  0.045 

13  0.045 

14  0.045 

15  0.045 


C16 


PIKE  ISLAND  RECTIFIER 
(LAND  wall  -  USG) 
8/21/89 


Manufacturer: 

Model: 

Type: 

Serial  Miater: 

Prinary: 

Output: 

OPERATIMG  DATA 

CIRCUIT  #1  CIRCUIT  #2 

28.55  Volts  5.12  Volts 

23.52  A/nperes  0.56  Anperes 


Goodall 

eSAUSO  -  24/30 
HNPSE  -  24/16 

0031449 

86C1951  -  2  Circuits 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45°C 
24/24  Volts,  3/16  Amperes 


TE8M1MAL  BOK  DATA 


Anode  String 


Anode  Disk 


EAR  No. 

Amceres 

LSA  No. 

Amceres 

A 

3.19 

1 

0.037 

B 

2.72 

2 

0.037 

C 

2 . 95 

3 

0.037 

D 

3 . 04 

4 

0.037 

E 

2.78 

5 

0.037 

F 

3 . 00 

6 

0.037 

G 

3.04 

7 

0.037 

H 

2.81 

8 

0.037 

9 

0.037 

10 

0.037 

11 

0.037 

12 

0.037 

13 

0.037 

14 

0.037 

15 

0.037 

C17 


PIKE  I  SUMO  RECTIFIER 
(RIVER  WALL-  DSG) 
8/21/89 


Nanufacturw: 

Goodell 

Model: 

CSAWSO  -  24/30 

HMPSE  -  24/16 

Type: 

0031449  -  2  Circuits 

Serial  Ikaber: 

86C1950 

Priaary: 

480  VAC,  2.39/1.27  Amperes, 

Single  Phase,  60  Hz, 

45“C 

Output: 

24/24  Volts,  3/16  Amperes 

OPERATIIK  DATA 

CIRCUIT  #1 

CIRCUIT  #2 

28.61  Volts 

5.22  Volts 

24.84  Amperes 

0.48  Amperes 

TERMINAL  BGK  DATA 

Anode  String 

Anode  Disk 

EAR  No. 

Amceres 

LSA  No. 

Amceres 

A 

2.40 

1 

0.021 

B 

2.50 

2 

0.021 

C 

2.40 

3 

0.021 

D 

2.30 

4 

0.021 

E 

2.20 

5 

0.021 

F 

3.30 

6 

0.021 

G 

3.20 

7 

0.021 

H 

2.70 

8 

0.021 

9 

0.021 

10 

0.021 

11 

0.021 

12 

0.021 

13 

0.021 

14 

0.021 

15 

0.021 

16 

0.021 

17 

0.021 

18 

0.021 

19 

0.021 

20 

0.021 

21 

0.021 

22 

0.021 

23 

0.021 

C18 


PIKE  ISLAND  RECTIFIER 
(LAND  WALL-  OSG) 
8/21/89 


Mmifacturer: 

Model: 

Type: 

Serial  Hialier: 

PriBory: 

Output: 


Goodall 

CSAWSO  -  24/30 
HNPSE  -  24/16 

0031449  -  2  Circuits 

86C1949 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45°C 
24/24  Volts,  3/16  Amperes 


OPERATIIIG  DATA 

CIRCUIT  «1  CIRCUIT  #2 

28.18  Volts  5.14  Volts 

24.72  Amperes  0.48  Amperes 


TERMINAL  MK  DATA 


Anode  String  Anode  Disk 


EAR  No. 

Amoeres 

LSA  No. 

Amoeres 

A 

2.20 

1 

0.021 

B 

2.40 

2 

0.021 

C 

2.70 

3 

0.021 

D 

2.20 

4 

0.021 

E 

2.30 

5 

0.021 

F 

2.80 

6 

0.021 

G 

3.10 

7 

0.021 

H 

2.70 

8 

0.021 

9 

0.021 

10 

0.021 

11 

0.021 

12 

0.021 

13 

0.021 

14 

0.021 

15 

0.021 

16 

0.021 

17 

0.021 

18 

0.021 

19 

0.021 

20 

0.021 

21 

0.021 

22 

0.021 

23 

0.021 

C19 


APPENDIX  D:  Potential  Survey  Data  of  Pike  Island,  1991  Data 


D1 


-  quoin  - 

-  bevel - 

Bm  BEVEL  k  ANODE  COLUMN  2 

-  2ND  ANODE  COLUMN  - 

BTWN  ANODE  COLUMNS  2  &  3  • 
-  3RD  ANODE  COLUMN  - 


BTWN  ANODE  COLUMNS  3  ic  4 
r  4'm  ANODE  COLUMN  -i 


y  4  m  ANUUt  UULUMN  -f 

feii 


56  FEET 
50  FEET 

37.5  FEET 
25  FEET 
19  FEET- 

12.5  FEET 
7  FEET  ■ 


(DISTANCE  FROM  QUOIN  TO  MITER) 

PIKE  ISLAND  AUXILIARY  LOCK 

TOP  VIEW  OF  MITER  GATE 
(DRAWING  APPLIES  TO  UPPER  &  LOWER  GATES) 

REFERENCE  CELL  LOCATIONS 
FOR  POTENTIAL  MEASUREMENTS 


•2 


PIKE  ISLAND  AUXILIARY  LOCK 
USG/USS 

ISLAND  WALL  LEAF 


[Island  Wain 


Bevel 


Between  Bevel  S  Anode 


DEPTH 

ON 

OFF 

lOP^ 

ON 

OFF 

lOP* 

ON 

OFF 

lopi 

lOP^ 

Sill 

0.558 

0.540 

0.545 

0.610 

0.910 

0.826 

0.843 

0,832 

0.928 

0.939 

0.857 

0.838 

3-Gate 

0,909 

0.822 

0.839 

0.905 

0.872 

0.811 

0.824 

0.833 

0.933 

0.841 

0.862 

0.846 

6 

1.104 

0.940 

0.967 

1.059 

0.970 

0.852 

0.871 

0.897 

1.175 

0.907 

0,942 

0.907 

9 

1.279 

1.050 

1.010 

1.056 

1.070 

0.931 

0.960 

0.997 

1,283 

0.952 

1.006 

0.951 

12 

1.427 

1.060 

1.101 

1.067 

1.187 

1.988 

1.036 

1.015 

1,297 

0,984 

1.038 

0,976 

15 

1.535 

1.088 

1,143 

1.118 

1.325 

1.034 

1.085 

1.030 

1.391 

1.003 

1.064 

0.995 

18 

1.622 

1.101 

1,160 

1.109 

1.445 

1.052 

1.115 

1.056 

1.497 

1.023 

1.082 

1.006 

21 

1.677 

1.093 

1.163 

1,185 

1.513 

1.083 

1.150 

1.073 

1.464 

1.035 

1.094 

1.008 

24 

1.774 

1.102 

1.172 

1.067 

1.495 

1.067 

1.134 

1.044 

1.447 

1,027 

1.092 

0.994 

27 

1.852 

1.099 

1,185 

0.938 

1.474 

1.087 

1.155 

1.061 

1.491 

1,027 

1.087 

0.979 

30 

1.902 

1.087 

1.185 

1.504 

1.080 

1.154 

*** 

1.078 

0.998 

1.023 

★  *  * 

ititit 

2nd  Anode  Column  Between  Anode  Columns  3rd  Anode  Column 


DEPTH 

ON 

OFF 

lOP* 

iop2 

ON 

OFF 

lOP* 

lOP^ 

ON 

OFF 

lopi 

lOP^ 

Sill 

1.065 

0.886 

0.917 

0.862 

0.987 

0.837 

0.863 

0 . 803 

0.951 

0.812 

0.838 

0.790 

3-Gate 

1.041 

0.887 

0.912 

0.871 

0.980 

0.837 

0.846 

0.799 

0.925 

0.800 

0.820 

0.824 

6 

1,240 

0.931 

0.960 

0.922 

1.247 

0.883 

0.907 

0.850 

1.187 

0.859 

0.888 

0.967 

9 

1.687 

1.020 

1.105 

0.970 

1.725 

0.951 

1.024 

0.918 

1.567 

0.944 

1.007 

0.923 

12 

1.323 

0.953 

1.006 

0.943 

1.265 

0.975 

1.045 

0.942 

1.281 

0.934 

0.994 

0.932 

15 

1.318 

0.957 

1.008 

0.948 

1.252 

0.962 

1.023 

0.943 

1.298 

0.937 

1.000 

0.983 

18 

1.599 

0.979 

0.975 

1.021 

1.303 

0.955 

1.010 

0.949 

1.513 

0.960 

,1.003 

0.962 

21 

1.444 

0.980 

1.035 

0.970 

1.291 

0.961 

1.015 

0.956 

1.448 

0.967 

1.031 

0.950 

24 

1.328 

0.970 

1.023 

0.961 

1.251 

0.974 

1.024 

0.962 

1.327 

0.959 

1.012 

0.971 

27 

1.415 

0.978 

1.028 

0,988 

1.239 

0.988 

1.035 

0.972 

1.416 

0.968 

1.017 

0.983 

30 

1.600 

1.025 

1.080 

1.000 

1.286 

0.980 

1.040 

0.962 

1.611 

0.989 

1.059 

★  ★  * 

Between  Anode  Columns  4th  Anode  Column  Bevel 


DEPTH 

ON 

OFF 

lOP^ 

lOP^ 

ON 

OFF 

lop* 

iop2 

ON 

OFF 

lOP* 

lOP^ 

Sill 

0.936 

0.804 

0.828 

0.779 

0.837 

0.750 

0.777 

0.757 

0.866 

0.771 

0.809 

0.773 

3-Gate 

0.955 

0.791 

0.830 

0.777 

0.810 

0.729 

0.751 

0.742 

0.8-70 

0.779 

0.816 

0.776 

6 

1.057 

0.829 

0.853 

0.873 

1,110 

0.849 

0.883 

0.881 

1.022 

0.860 

0.911 

0.866 

9 

1.777 

0.931 

0.991 

0.911 

1.345 

0.937 

1.007 

0.919 

1.129 

0.937 

1.008 

0.967 

12 

1.227 

0.927 

0.986 

0.914 

1.099 

0.935 

0.998 

0.920 

1.110 

0.958 

1.026 

1.014 

15 

1,189 

0.924 

0.988 

0.921 

1.080 

0.940 

0.989 

0.942 

1.033 

0,939 

0.985 

0.967 

18 

1.188 

0.927 

0.988 

0,930 

1.480 

0.991 

1.048 

1.054 

1.241 

1.018 

1,097 

1.003 

21 

1.204 

0.934 

0.994 

0.936 

1.247 

0.977 

1.037 

0.967 

1.308 

1.019 

1.106 

1.008 

24 

1.219 

0.941 

1,000 

0.940 

1.135 

0.973 

1.023 

0.976 

1.342 

1.040 

1.124 

1.003 

27 

1.216 

0.945 

1.007 

0.943 

1.366 

0.994 

1.036 

1.000 

1.465 

1.094 

1.140 

1.018 

30 

1,231 

0.957 

1.017 

0.945 

1.409 

1.009 

1.086 

1.050 

1.417 

1.040 

1.130 

1.021 

D3 


PIKE  ISLAND  AUXILIARY  LOCK 
USG/USS 


DEPTH 

ON 

Miter 

OFF 

iopI 

Sill 

0.900 

0.794 

0.863 

3-Gate 

0.917 

0.804 

0.867 

6 

1.093 

0.891 

0.992 

9 

1.186 

0.951 

1.062 

12 

1.204 

0.972 

1.068 

15 

1.195 

0.966 

1.067 

18 

1.300 

1.008 

1.124 

21 

1.343 

1.014 

1.170 

24 

1.339 

1.021 

1.181 

27 

1.430 

1.026 

1.184 

30 

1.331 

0.987 

1.115 

lOP^ 

0.762 

0.788 

0.878 

0.956 

0.967 

0.994 

*** 

★  ★  ★ 
*** 

★  ★  * 

*  *  * 


D4 


PIKE  ISLAND  AUXILIARY  LOCK 
USG/USS 

LAND  WALL  LEAF 


Bevel  4th  Anode  Column  Between  Anode  Columns 


DEPTH 

ON 

OFF 

lOP* 

ON 

Sill 

0.858 

0.774 

0.830 

0.774 

0.802 

3-Gate 

0.881 

0.788 

0.845 

0.783 

0.815 

6 

1.059 

0.901 

0.977 

0.885 

0.973 

9 

1.085 

0.970 

1.024 

0.918 

1.116 

12 

1.015 

0.910 

0.970 

0.905 

0.936 

15 

0.923 

0.860 

0.909 

0.959 

0.939 

18 

1.160 

0.980 

1.061 

1.036 

0.942 

21 

1.221 

0.973 

1.079 

1.085 

1.065 

24 

1.251 

0.981 

1.097 

1.058 

1.054 

27 

1.-266 

0.996 

1.102 

1.073 

1.244 

30 

1.642 

0.887 

0.968 

0.857 

1.063 

OFF  lOP^  lOP-^  ON  OFF  lOP^  lOP 

0.731  0.767  0.768  0.820  0.741  0.770  0.7E 

0.737  0.767  0.737  0.815  0.733  0.759  0.74 

0.781  0.815  0.821  0.974  0.775  0.806  0.81 

0.830  0.886  0.867  1.167  0.835  0.897  0.86 

0.841  0.891  0.880  0.992  0.877  0.937  0.89 

0.854  0.891  0.910  1.013  0.869  0.926  0.88 

0.899  1.329  0.946  1.033  0.866  0.921  0.89 

0.883  0.951  0.925  1.055  0.867  0.926  0.89 

0.878  0.939  0.922  1.065  0.867  0.928  0.89 

0.890  0.951  0.915  1.063  0.879  0.932  0.88 

0.894  0.950  0.873  1.070  0.887  0.938  0.88 


3rd  Anode  Columns  Between  Anode  Columns  2nd  Anode  Column 


DEPTH 

ON 

OFF 

lOP^ 

lOP^ 

ON 

OFF 

lOP* 

lOP^ 

ON 

OFF 

lOP^ 

lOP' 

Sill 

0.817 

0.740 

0.762 

0.763 

0.827 

0.745' 

0.763 

0.813 

0.837 

0.754 

0.773 

0.83 

3-Gate 

0.837 

0.743 

0.767 

0.756 

0.841 

0.750 

0.773 

0.820 

0.870 

0.768 

0.790 

0.82 

6 

1.049 

0.794 

0.815 

0.823 

1.045 

0.795 

0.820 

0.862 

1.000 

0.804 

0.826 

0.88 

9 

1.176 

0.849 

0.915 

0.873 

1.227 

0.842 

0.901 

0.894 

1.497 

0.840 

0.890 

0.92 

12 

1.051 

0.882 

0.950 

0.873 

1.088 

0.887 

0.938 

0.902 

1.127 

0.850 

0.901 

0.92 

15 

1.094 

0.867 

0.922 

0.910 

1.092 

0.863 

0.920 

0.908 

1.128 

0.860 

0.913 

0.95 

18 

1.540 

0.867 

0.938 

0.886 

1.119 

0.865 

0.920 

0.910 

1.227 

0.866 

0.909 

0.96 

21 

1.161 

0.865 

0.922 

0.887 

1.115 

0.864 

0.921 

0.909 

1.225 

0.874 

0.926 

0.98 

24 

1.121 

0.870 

0.926 

0.888 

1.093 

0.875 

0.927 

0.904 

1.159 

0.879 

0.930 

0.96 

27 

1.215 

0.877 

0.922 

0.891 

1.051 

0.885 

0.921 

0.900 

1.199 

0.882 

0.932 

0.95 

30 

1.236 

0.886 

0.948 

0.893 

1.103 

0.887 

0.938 

8.892 

1.266 

0.889 

0.942 

0.93 

Between  Anode  &  Bevel 


Bevel 


loin  (Land  Wall) 


DEPTH 


ON  OFF  lOP*  lOP^  ON  OFF  lOP*  lOP^  ON  OFF  lOP^  lOP' 


Sill 

0.912 

0.822 

0.844 

0.838 

0.911 

3-Gate 

0.927 

0.832 

0.855 

0.850 

0.935 

6 

1.083 

0.884 

0.915 

0.924 

1.178 

9 

1.184 

0.941 

0.985 

0.966 

1.296 

12 

1.207 

0.957 

1.005 

0.985 

1.311 

15 

1.271 

0.980 

1.029 

0.995 

1.399 

18 

1.363 

0.985 

1.039 

1.004 

1.553 

21 

1.399 

0.978 

1.044 

0.999 

1.701 

24 

1.393 

0.978 

1.033 

0.990 

1.683 

27 

1.360 

0.944 

1.004 

0.950 

1.718 

30 

1.078 

0.860 

0.901 

0.804 

1.397 

0.827  0.849  0.844  0.865  0.815  0.835  0.42 

0.843  0.867  0.864  0.933  0.825  0.851  0.72 

0.969  1.004  0.964  1.099  0.924  0.956  0.91 

1.023  1.068  1.026  1.214  0.980  1.023  0.93 

1.028  1.079  1.045  1.272  1.000  1.044  0.89 

1.051  1.103  1.061  1.389  1.020  1.063  1.00 

1.061  1.114  1.051  1.507  1.041  1.093  1.07 

1.067  1.137  1.073  1.650  1.048  1.115  1.10 

1.081  1.149  1.061  1.708  1.041  1.109  1.08 

1.042  1.109  1.055  1.698  1.029  1.084  0.89 

0.975  1.042  0.980  1.468  0.971  1.020  0.56 


D5 


PIKE  ISLAND  AUXILIARY  LOCK 
USG/DSS 

ISLAND  WALL  LEAF 


Quoin  (Island  WalU 


7  Feet 


12.5  Feet 


DEPTH 

ON 

OFF 

lopi 

Sill 

0.593 

0.587 

0.586 

3 

1.000 

0.753 

0.786 

6 

1.177 

0.933 

0.971 

9 

1.400 

1.050 

1.101 

12 

1.449 

1.034 

1.078 

15 

1.673 

1.090 

1.154 

18 

2.621 

1.137 

1.314 

21 

2.634 

1.119 

1.341 

24 

3.506 

1.109 

1.470 

27 

3.500 

1.124 

1.521 

iop2 

ON 

OFF 

lOP* 

0.697 

0.977 

0.892 

0.914 

0.856 

0.932 

0.859 

0.869 

0.964 

1.008 

0.902 

0.934 

0.950 

1.109 

0.959 

1.004 

1.002 

1.215 

0,989 

1,040 

1.080 

1.436 

1.012 

1.083 

1.098 

1.746 

1,011 

1.121 

1.085 

1.953 

1.025 

1.162 

1.114 

2.363 

1.026 

1,230 

1.120 

2.399 

1.041 

1.279 

lOP^ 

ON 

OFF 

lOP* 

0.920 

1,138 

0.983 

1.020 

0.895 

1.267 

1.012 

1.060 

0.903 

1.277 

1.021 

1.072 

0.945 

1.290 

1.043 

1.104 

0.973 

1.381 

1.047 

1.107 

0.992 

1.617 

1.063 

1.141 

1.008 

2,039 

1.067 

1.184 

1.020 

2.639 

1.036 

1.179 

1.037 

2,582 

1,057 

1.264 

1.054 

2,593 

1.061 

1.329 

DEPTH 

ON 

Sill 

1.181 

3 

1.232 

6 

1.302 

9 

1.328 

12 

1.435 

15 

1.607 

18 

2.047 

21 

2.121 

24 

2.413 

27 

2.070 

DEPTH 

ON 

Sill 

1.267 

3 

1.356 

6 

1.466 

9 

1.447 

12 

1.535 

15 

1.937 

18 

2.143 

21 

2.509 

24 

3.077 

27 

3.172 

19  Feet 
OFF  lOPi 


0.991  1.039 
1.030  1.086 
1.043  1.111 
1.076  1.133 
1.070  1.137 
1.077  1.159 
1.080  1.219 
1.060  1.260 
1.056  1.263 
1.054  1.230 


50  Feet 


OFF 

lOP* 

0.999 

1.083 

1.035 

1.108 

1.078 

1.160 

1.086 

1.172 

1.117 

1.200 

1.120 

1.252 

1.123 

1.289 

1.142 

1.355 

1.133 

1.458 

1.159 

1.516 

iop2 

ON 

0.997 

1.199 

1.007 

1.305 

1.024 

1.368 

1.029 

1.312 

1.037 

1.391 

1,057 

1.746 

1.079 

2.123 

1.094 

2.463 

1.103 

2.866 

1.085 

2.612 

lOP^  ON 

1.027  1.165 
1.061  1.400 
1.082  1.507 
1.091  1.594 
1.112  1,846 
1.141  2.329 
1.161  2.545 
1.185  2,976 
1.220  4.120 
1.254  3.945 


25  Feet 


OFF 

lOP* 

1.000 

1.050 

1.022 

1.085 

1.054 

1.118 

1.058 

1.119 

1.077 

1.146 

1.090 

1.179 

1.101 

1.215 

1.110 

1.276 

1.102 

1.317 

1.111 

1.311 

56  Feet 


OFF 

lOP* 

0.951 

1.020 

1.024 

1.102 

1.070 

1.166 

1.100 

1.206 

1.119 

1.256 

1.136 

1.339 

1.140 

1.430 

1.188 

1.533 

1.168 

1.683 

1.151 

1.689 

lOP^  ON 

0.985  1.015 

1.008  1.055 
1.021  1.101 
1.033  1.156 

1.049  1.228 

1.087  1.331 

1.113  1.458 

1.124  1.426 

1.136  1.477 

1.125  1.767 


lOP? 


0.976 

1.052 

1.097 

1.108 

1.137 

1.173 

1.218 

1.257 

1.301 

1.296 


37,5 

Feet 

OFF 

-@iop' 

0.800 

0.874 

0.822 

0.900 

0.850 

0,929 

0.881 

0.965 

0.935 

1.015 

1.033 

1.099 

1.027 

1.150 

1.091 

1.157 

1.108 

1.175 

1.114 

1.214 

lOP? 


0.995 

0.998 

1.002 

1.003 

1.022 

1.044 

1.054 

1.058 

1,065 

1.083 


lOP^ 


1.027 

1.061 

1.073 

1.085 

1.092 

1.118 

1.140 

1.170 

1.188 

1.201 


D6 


PIKE  ISLAND  AUXILIARY  LOCK 
USG/DSS 


Miter 


DEPTH 

ON 

OFF 

lOP* 

iop2 

Sill 

0.438 

0.431 

0.428 

0.745 

3 

0.932 

0.539 

0.864 

0.943 

6 

1.172 

0.962 

1.044 

0.983 

9 

1.071 

0.916 

0.973 

0.952 

12 

1.133 

1.026 

1.068 

1.052 

15 

1.306 

1.064 

1.068 

1.099 

18 

1.534 

1.072 

1.166 

1.121 

21 

1.872 

1.096 

1.266 

1.212 

24 

1.785 

1.099 

1.470 

1.276 

27 

2.354 

1.111 

1.721 

1.146 

D7 


PIKE  ISLAND  AUXILIARY  LOCK 
USG/DSS 

LAND  WALL  LEAF 


DEPTH  ON 


Sill  0,888 
3  1.276 
6  1.249 
9  1.310 
12  1.484 
15  1.631 
18  1,781 
21  2.300 
24  3.437 
27  2.356 


56_ 

Feet 

OFF 

lOP* 

0.801 

0.873 

0.986 

1.097 

0.999 

1.157 

1.045 

1.205 

1.071 

1.313 

1.072 

1.495 

1.060 

1.457 

1.113 

2.000 

1.115 

2.187 

1.116 

2.072 

lOP^  ON 


0.995  0.950 
1.009  1.128 
1.035  1.146 
1.080  1.196 
1.115  1.359 
1.142  1.476 
1.181  1.818 
1.238  2.049 
1.237  2.250 
1.230  1.726 


50  Feet 


OFF 

lOP* 

0.863 

0.938 

0.949 

1.039 

0.953 

1.061 

0.986 

1.183 

1.022 

1.179 

1.020 

1.266 

1.023 

1.305 

0.981 

1.341 

0.987 

1.455 

0.977 

1.449 

lOP^  ON 


0.920  1.019 
0.943  1,006 
0,933  1.106 
0.951  1.079 
0,973  1.188 
1.055  1.321 
1.083  1.465 
1.086  1.715 
1.090  1.845 
1.082  1.430 


37.5  Feet 


OFF 

lOP^ 

0.906 

0.968 

0.949 

1.003 

0.950 

1,006 

0.933 

0.985 

0.989 

1.037 

0.975 

1.062 

0.945 

1,056 

0.937 

1.086 

0.944 

1.107 

0,918 

1,068 

DEPTH 

ON 

Sill 

0.961 

3 

1.139 

6 

1.076 

9 

1.100 

12 

1.196 

15 

1.240 

18 

1.395 

21 

1,443 

24 

1.676 

27 

1.369 

25 

Feet 

OFF 

lopl 

0.872 

0.914 

0.927 

0.975 

0.930 

0.968 

0i955 

0.994 

0.960 

1.003 

0.956 

1.020 

0.927 

0.993 

0.900 

0.986 

0.906 

1.009 

0.901 

0.997 

lOP^  ON 

0.914  0.940 
0.917  0.949 
0.928  0.924 
0.930  0.943 
0.940  1.069 
0.999  1.083 
0.995  1.133 
0.986  1.194 
0.981  1.275 
0.949  1.145 


19  Feet 


OFF 

lOP’ 

0.869 

0.895 

0.864 

0.897 

0.840 

0.879 

0.860 

0.891 

0.911 

0.951 

0.880 

0.930 

0.867 

0.924 

0.853 

0.934 

0.855 

0.954 

0.935 

0.920 

lOP^  ON 


0.910  0.946 
0.897  1.106 
0.895  1.050 
0.888  1.059 
0.933  1.083 
0.955  1.300 
0.948  1.291 
0.938  1.360 
0.950  1.690 
0.924  1.230 


12.5 

Feet 

OFF 

lOP* 

0.855 

0.886 

0.923 

0.957 

0.903 

0.933 

0.926 

0.961 

0.902 

0.930 

0.945 

0.991 

0.900 

0.951 

0.877 

0.945 

0.873 

0.978 

0.802 

0.876 

7 

Feet 

Quoin  (Land  Wall) 

DEPTH 

ON 

OFF 

lOP* 

iop2 

ON 

OFF 

lOP* 

iop2 

Sill 

0.834 

0.791 

0.804 

0.812 

0.520 

0.519 

0.516 

0.588 

3 

0.775 

0.734 

0.745 

0.773 

0.606 

0.693 

0.694 

0.763 

6 

0.776 

0.734 

0.745 

0.739 

0.970 

0.818 

0.836 

0.822 

9 

0.831 

0.756 

0.773 

0.778 

0.798 

0.746 

0.746 

0.772 

12 

0,900 

0.788 

0.813 

0.801 

1.084 

0.832 

0.859 

0.800 

15 

0.963 

0.790 

0.816 

0.846 

1.233 

0.850 

0.890 

0.805 

18 

1.115 

0.799 

0.846 

0.862 

1.125 

0.794 

0.801 

0.875 

21 

1.286 

0.793 

0.862 

0.863 

1.320 

0.820 

0.857 

0.870 

24 

1.418 

0,792 

0.867 

0.870 

2.000 

0.833 

0.886 

0.886 

27 

1.217 

0.746 

0.806 

0.834 

1.310 

0.736 

0.786 

0.830 

D8 


lOP^ 


0.920 

0.927 

0.913 

0.907 

0.945 

1.001 

1.023 

1,021 

1.038 

1.021 


iop2 


0.906 

0.891 

0.906 

0.895 

0.941 

0.953 

0.970 

0.961 

0.983 

0.916 


PIKE  ISLAND  AUXILIARY  LOCK 
DSG/USS 

ISLAND  WALL  LEAF 


DEPTH 


Quoin  f Island  Wall) 
ON  OFF  lOP^  lOP^ 


ON 


Bevel 

OFF  lOP*  lOP^ 


Between  Bevel  &  Anode 
ON  OFF  lOP^  lOP^ 


Sill 

1.100 

0.971 

3-Gate 

1.110 

0.930 

6 

1.374 

1.039 

9 

1.571 

1.085 

12 

1.648 

1.162 

15 

1.681 

1.096 

18 

1.645 

1.080 

21 

1.685 

1.080 

24 

2.024 

1.094 

27 

2.332 

1.099 

30 

2.704 

1.104 

33 

2.990 

1.082 

36 

3.049 

1.083 

39 

3.048 

1.066 

1.025 

0.905 

1.127 

0.980 

0.995 

1.147 

1.097 

1.076 

1.326 

1.166 

1.115 

1.526 

1.194 

1.131 

1.635 

1.196 

1.120 

1.702 

1.177 

1.114 

1.677 

1.179 

1.126 

1.675 

1.237 

1.161 

1.911 

1.282 

1.196 

2.256 

1.355 

1.226 

2.696 

1.406 

1.150 

2.856 

1.431 

1.245 

2.999 

1.420 

*** 

2.900 

0.980 

1.027 

0.994 

0.975 

1.027 

1.000 

1.019 

1.083 

1.060 

1.052 

1.140 

1.085 

1.069 

1.172 

1.112 

1.079 

1.195 

1.121 

1.091 

2.214 

1.131 

1.089 

1.196 

1.120 

1.078 

1.201 

1.128 

1.068 

1.232 

1.144 

1.059 

1.264 

1.148 

1.062 

1.292 

1.166 

1.059 

1.331 

1.195 

1.047 

1.340 

1.180 

1.157 

0.978 

1.038 

1.00! 

1.162 

0.990 

1.047 

1.01' 

1.280 

0.997 

1.054 

1.03: 

1.433 

1.005 

1.086 

1.05( 

1.470 

1.018 

1.108 

1.06- 

1.501 

1.039 

1.131 

1.08( 

1.463 

1.043 

1.144 

1.09; 

1.493 

1.053 

1.143 

1.09( 

1.691 

1.032 

1.147 

1.08( 

1.789 

1.028 

1.155 

1.09( 

1.984 

1.013 

1.170 

1.09f 

2.144 

1.015 

1.191 

1.10! 

2.220 

1.008 

1.205 

1.12: 

2.184 

1.023 

1.234 

1.12! 

2nd  Anode  Column 


lOP 


IOP-‘ 


Between  Anode  Columns 
ON 


DEPTH 

ON 

OFF 

Sill 

1.120 

0.959 

3-Gate 

1.116 

0.964 

6 

1.299 

0.950 

9 

1.402 

0.950 

12 

1.315 

0.947 

15 

1.724 

0.967 

18 

1.246 

0.978 

21 

1.261 

0.991 

24 

1.362 

0.978 

27 

1.329 

0.948 

30 

1.399 

0.933 

33 

1.373 

0.959 

36 

1.517 

0.925 

39 

1.544 

0.924 

1.020 

0.993 

1.084 

1.020 

0.997 

1.290 

0.994 

1.002 

1.315 

1.031 

1.003 

1.349 

1.025 

1.004 

1.274 

1.066 

1.014 

1.298 

1.059 

1.026 

1.161 

1.061 

1.020 

1.192 

1.051 

1.010 

1.223 

1.041 

1.008 

1.164 

1.036 

1.012 

1.158 

1.055 

1.032 

1.363 

1.043 

1.014 

1.434 

1.047 

1.013 

1.440 

OFF 

lOP* 

lop^ 

0.937 

0.997 

0.979 

0.945 

1.000 

0.984 

0.930 

0.991 

0.990 

0.931 

1.015 

0.992 

0.936 

1.020 

1.002 

0.946 

1.008 

1.032 

0.954 

1.027 

1.008 

0.960 

1.042 

1.001 

0.955 

1.036 

0.997 

0.919 

1.008 

0.994 

0.912 

1.001 

1.032 

0.912 

1.028 

1.020 

0.915 

1.038 

1.004 

0.918 

1 . 042 

1.004 

3rd  Anode  Column 


OFF 

lOP^ 

lOP^ 

1.060 

0.923 

0.986 

0.97 

1.072 

0.943 

0.994 

0.97 

1.259 

0.935 

0.996 

0.98 

1.368 

0.929 

1.020 

0.98 

1.262 

0.924 

1.014 

0.99 

1.585 

0.972 

1.077 

1.01 

1.174 

0.940 

1.026 

0.9? 

1.288 

0.935 

1.019 

0.9f 

1.305 

0.925 

1.020 

0.9' 

1.276 

0.918 

1.015 

0.9£ 

1.371 

0.910 

1.015 

0.9? 

1.547 

0.913 

1.039 

l.OC 

1.539 

0.910 

1.033 

l.OC 

1.552 

0.914 

1.049 

l.OC 

D9 


PIKE  ISLAND  AUXILIARY  LOCK 
DSG/USS 

ISLAND  WALL  LEAF 


Between  Anode  Columns 


4th  Anode  Column 


Bevel 


DEPTH 


ON 


OFF 


lOP^ 


lOP^ 


ON 


OFF 


lOP* 


[QP-^ 


ON  OFF  lOPi 


lOP^ 


Sill 

1.026 

0.921 

0.977 

0.949 

1.086 

3-Gate 

1.034 

0.921 

0.968 

0.937 

1.094 

6 

1.217 

0.914 

0.962 

0.956 

1.228 

9 

1.277 

0.910 

0.911 

0.956 

1.236 

12 

1.144 

0.890 

0.973 

0.940 

1.147 

15 

1.065 

0.877 

0.950 

0.913 

2.350 

18 

0.805 

0.777 

0.789 

0.792 

0.939 

21 

0.977 

0.845 

0.897 

0.868 

0.990 

24 

1.142 

0.894 

0.985 

0.938 

1.308 

27 

1.202 

0.901 

1.014 

0.974 

1.357 

30 

1.201 

0.906 

1.035 

1.000 

1.459 

33 

1.256 

0.948 

1.080 

1.046 

1.245 

36 

1.385 

0.917 

1.073 

1.014 

1.757 

39 

1.425 

0.915 

1.084 

1.020 

1.676 

0.893 

0.986 

0.974 

1.026 

0.874 

0.977 

0.973 

0.906 

0.992 

0.945 

1.051 

0.910 

0.997 

0.986 

0.917 

0.942 

0.973 

1.224 

0.954 

1.073 

1.070 

0.918 

0.904 

0.974 

1.221 

0.983 

1.097 

1.110 

0.900 

0.972 

0.942 

1.319 

0.993 

1.111 

1.068 

0.927 

1.074 

0.927 

1.327 

0.964 

1.091 

1.045 

0.814 

0.863 

0.801 

1.270 

0.956 

1.067 

1.034 

0.842 

0.857 

0.856 

1.029 

0.936 

0.981 

1.035 

0.940 

1.035 

0.966 

1.530 

1.003 

1.132 

1.091 

0.925 

1.068 

1.003 

1.826 

0.972 

1.204 

1.143 

0.931 

1.083 

1.027 

2.017 

0.971 

1.236 

1.141 

0.930 

1.125 

1.054 

2.199 

0.974 

1.270 

1.170 

0.921 

1.015 

1.061 

2.237 

0.960 

1.272 

1.180 

0.972 

1.211 

1.129 

2.098 

0.957 

1.266 

1.150 

Miter 


DEPTH 

ON 

OFF 

lopi 

iop2 

Sill 

1.082 

0.808 

1.023 

1.103 

3-Gate 

1.129 

0.914 

1.061 

1.220 

6 

1.178 

0.948 

1.097 

1.272 

9 

1.341 

0.988 

1.229 

1.279 

12 

1.410 

1.014 

1.290 

1.240 

15 

1.410 

1.013 

1.308 

ititit 

18 

1.317 

0.961 

1.211 

ititit 

21 

1.194 

0.897 

1.097 

★  ★★ 

24 

1.249 

0.945 

1.411 

*** 

27 

1.662 

0.998 

1.437 

*** 

30 

1.883 

1.057 

1.595 

*** 

33 

2.031 

1.086 

1.067 

Ititit 

36 

2.053 

0.987 

1.628 

*** 

39 

1.938 

0.946 

1.490 

*** 

The  numbers  in  the  last  column  were  taken  under  turbulent  conditions  and 
are  therefore  not  reliable. 


DIO 


PIKE  ISLAND  AUXILIARY  LOCK 
DSG/USS 

LAND  WALL  LEAF 


Bevel 


4th  Anode  Column 


Between  Anode  Columns 


DEPTH 

ON 

OFF 

lOP^ 

lOP^ 

ON 

OFF 

lOP* 

iop2 

ON 

OFF 

lopi 

lOP^ 

Sill 

1.077 

0.856 

1.020 

0.973 

1.081 

0.908 

1.030 

0.939 

1.010 

0.882 

0.960 

0.936 

3-Gate 

1.104 

0.902 

1.021 

0.983 

1.076 

0.912 

1.019 

0.937 

0.991 

0.884 

0.934 

0.932 

6 

1.162 

0.939 

1.050 

1.036 

1.220 

0.951 

1.073 

0.956 

1.142 

0.890 

0.961 

0.951 

9 

1.437 

1.016 

1.173 

1.097 

1.473 

1.021 

1.191 

0.965 

1.269 

0.884 

0.978 

0.951 

12 

1.315 

0.999 

1.135 

1.062 

1.041 

0.902 

0.923 

0.957 

1.118 

0.869 

0.960 

0.938 

15 

1.357 

0.971 

1.114 

1.073 

1.342 

0.975 

1.062 

0.974 

1.050 

0.857 

0.938 

0.914 

18 

1.280 

0.993 

1.117 

1.039 

1.028 

0.869 

0.944 

0.867 

0.919 

0.806 

0.862 

0.820 

21 

1.023 

0.949 

0.991 

1.045 

1.001 

0.910 

0.945 

0.892 

0.845 

0.779 

0.810 

0.815 

24 

1.325 

1.013 

1.137 

1.096 

1.254 

0.931 

1.055 

0.978 

1.111 

0.861 

0.962 

0.921 

27 

2.678 

0.993 

1.220 

1.143 

1.302 

0.923 

1.085 

1.018 

1.224 

0.889 

1.018 

0.966 

30 

2.944 

0.971 

1.291 

1.184 

1.371 

0.924 

1.094 

1.055 

1.284 

0.896 

1.044 

0.992 

33 

1.326 

0.955 

1.215 

1.199 

1.700 

0.914 

1.143 

1.067 

1.342 

0.899 

1.063 

1.004 

36 

1.905 

0.938 

1.335 

1.200 

1.623 

0.904 

1.143 

1.080 

1.381 

0.991 

1.075 

1.014 

39 

1.736 

0.917 

1.321 

1.162 

1.626 

0.902 

1.172 

1.100 

1.395 

0.886 

1.087 

1.020 

3rd  Anode  Columns 

Between  Anode  Columns 

2nd  Anode  Column 

DEPTH 

ON 

OFF 

lOP* 

lOP^ 

ON 

OFF 

lOP* 

lOP^ 

ON 

OFF 

lOP* 

iop2 

Sill 

1.042 

0.870 

0.961 

0.973 

1 . 062 

0.915 

0.979 

0.969 

1.085 

0.941 

0.998 

1.003 

3-Gate 

1.075 

0.906 

0.974 

0.968 

1.050 

0.925 

0.973 

0.973 

1.087 

0.959 

1.003 

1.003 

6 

1.241 

0.920 

0.977 

0.967 

1.288 

0.933 

0.997 

0.985 

1.232 

0.955 

1.026 

1.014 

9 

1.303 

0.930 

1.027 

0.973 

1.333 

0.927 

1.015 

0.985 

1.420 

0.956 

1.051 

1.020 

12 

1.225 

0.896 

0.985 

0.961 

1.200 

0.916 

1.004 

0.988 

1.273 

0.952 

1.038 

1.015 

15 

1.485 

0.909 

1.013 

0.961 

1.086 

0.887 

0.977 

0.068 

1.716 

1.006 

1.098 

.1.085 

18 

1.059 

0.863 

0.932 

0.867 

1.040 

0.884 

0.948 

0.903 

1.228 

0.963 

1.047 

1.014 

21 

0.944 

0.833 

0.868 

0.879 

1.029 

0.881 

0.928 

0.915 

1.250 

0.987 

1.041 

1.009 

24 

1.243 

0.918 

0.997 

0.939 

1.171 

0.913 

0.995 

0.954 

1.462 

0.946 

1.044 

1.007 

27 

1.213 

0.898 

0.995 

0.958 

1.133 

0.917 

1.003 

0.991 

1.347 

0.931 

1.038 

1.004 

30 

1.818 

0.890 

1.004 

0.979 

1.091 

0.891 

0.980 

1.007 

1.436 

0.928 

1.038 

1.009 

33 

1.721 

0.899 

1.028 

0.996 

1.296 

0.908 

1.028 

1.001 

1.680 

0.928 

1.061 

1.019 

36 

1.477 

0.898 

1.032 

0.998 

1.391 

0.903 

1.039 

1.002 

1.545 

0.928 

1.048 

1.001 

39 

1.549 

0.902 

1.051 

1.003 

1.418 

0.901 

1.045 

1.004 

1.586 

0.925 

1.074 

1.039 

Between  Anode  & 

Bevel 

Ouoin  (Land  Wall) 

Bevel 

DEPTH 

ON 

OFF 

lOP^ 

lOP^ 

ON 

OFF 

lOP* 

iop2 

ON 

OFF 

lOP* 

lOP^ 

Sill 

1.234 

0.996 

1.073 

1.056 

1.294 

1.034 

1.102 

0.954 

1.209 

1.029 

1.085 

0.995 

3-Gate 

1.237 

1.025 

1.081 

1.059 

1.293 

1.043 

1.097 

1.026 

1.238 

1.032 

1.091 

1.108 

6 

1.317 

1.040 

1.102 

1.074 

1.304 

0.928 

0.978 

1.108 

1.423 

1.050 

1.097 

1.121 

9 

1.529 

1.037 

1.129 

1.089 

1.632 

1.094 

1.139 

1.144 

1.900 

1.129 

1.178 

1.144 

12 

1.557 

1.043 

1.144 

1.103 

1.732 

1.131 

1.214 

1.150 

1.927 

1.090 

1.227 

1.163 

15 

1.579 

1.061 

1.172 

1.115 

1.847 

1.132 

1.242 

1.149 

1.987 

1.116 

1.257 

1.166 

18 

1.593 

1.062 

1.179 

1.114 

1.842 

1.131 

1.246 

1.130 

2.020 

1.106 

1.258 

1.158 

21 

1.591 

1.073 

1.173 

1.109 

1.841 

1.105 

1.217 

1.124 

2.026 

1.107 

1.253 

1 . 149 

24 

1.771 

1.052 

1.179 

1.109 

1.750 

1.094 

1.203 

1.125 

2.176 

1.090 

1.260 

1.153 

27 

1.814 

1.043 

1.184 

1.106 

1.900 

1.100 

1.225 

1.160 

2.383 

1.101 

1.284 

1.155 

30 

1.913 

1.039 

1.189 

1 . 108 

2.085 

1.113 

1.269 

1.179 

2.500 

1.098 

1.-279 

1.154 

33 

2.017 

1.039 

1.196 

1.101 

2.152 

1.114 

1.274 

1.166 

2.758 

1.080 

1.307 

1.138 

36 

2.017 

1.041 

1.212 

1.102 

2.287 

1.116 

1.325 

1.30 

2.677 

1.068 

1.298 

1.125' 

39 

2.080 

1.028 

1.205 

*** 

2.391 

1.102 

1.354 

*** 

2.616 

1.069 

1.308 

★  *  * 
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PIKE  ISLAND  AUXILIARY  LOCK 
DSG/DSS 

ISLAND  WALL  LEAF 


3uoin  (Island  Wall] 


7  Feet 


12.5  Peei! 


DEPTH 

•  ON 

OFF 

lOP* 

iop2 

ON 

OFF 

lOP* 

iop2 

OFF 

lOP^ 

lOP^ 

Sill 

0.914 

0.839 

0.815 

0.841 

1.063 

0.991 

1.000 

1.025 

1.259 

1.063 

1.095 

1 . 066 

3 

1.455 

0.994 

0.873 

0.895 

1.094 

0.975 

0.991 

1.045 

1.448 

1.077 

1.116 

1 . 085 

6 

1 . 450 

0.990 

1.076 

0.949 

1.140 

0.985 

1.015 

1.050 

1.486 

1.087 

1.147 

1 . 120 

9 

1.549 

1.000 

1.092 

1.003 

1.198 

0.982 

1.037 

1.062 

1,526 

1.069 

1.144 

1 . 107 

12 

1.355 

0.998 

1.017 

1.004 

1.203 

0.963 

1.014 

1.060 

1.600 

1,043 

1.140 

1 . 098 

15 

0.775 

0 . 684 

0.705 

1.032 

1.142 

0.909 

0.965 

1.020 

1.481 

1.008 

1.086 

1 . 061 

18 

0 . 564 

0.562 

0.557 

*  *  * 

0.934 

0.792 

0.826 

*** 

0,927 

0.818 

0.851 

19 

Feet 

25 

Feet 

37,5 

Feet 

DEPTH 

ON 

OFF 

lOP^ 

lOP^ 

ON 

OFF 

lOP* 

iop2 

ON 

OFF 

lOP* 

lOP^ 

Sill  1.258  1.074  1.118  1.098  1.326 
3  1.345  1.062  1.259  1.112  1.509 
6  1.377  1.060  1.141  1.125  1.588 
9  1.397  1.058  1.131  1.116  1.549 
12  1.385  1.032  1.120  1.106  1.598 
15  1.285  0.998  1.068  1.086  1.599 
18  1.018  0.879  0.921  ***  1.072 


1.037  1.101  1.113  1.395  1.081  1.166  1.154 

1.072  1.162  1.120  1.590  1.092  1.196  1.163 

1.084  1.179  1.126  1.721  1.091  1.214  1.166 

1.063  .1.160  1.141  1.702  1.083  1.195  1.155 

1.049  1.144  1.127  1.738  1.066  1.179  1.148 

1.018  1.125  1.120  1.573  1.040  1.188  1.132 

0.897  0.949  ***  1.052  0.894  0.951  *** 


50  Feet  56  Feet 

DEPTH  ON  OFF  lOP^  IQP^  QN  OFF  lOP^  lOP^ 


Sill  1.497  1.029 
3  1.511  1.064 
6  1.700  1.081 
9  1.861  1.100 
12  1.609  1.071 
15  1.571  1.040 
18  1.070  0.882 


1.185  1.143  1.192 
1.195  1.171  1.449 
1.231  1.185  1.596 
1,250  1.180  1.569 
1.207  1.171  1.422 
1.155  1.152  1.227 
0.956  ***  0.924 


0.985  1.097  1,125 
1.045  1.258  1.182 
1.084  1.345  1.220 
1.071  1.347  1.225 
1.019  1.273  1.207 
0,915  1.112  1.186 
0.791  0.867  *** 
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PIKE  ISLAND  AUXILIARY  LOCK 
DSG/DSS 

ISLAND  WALL\LAND  WALL  LEAVES  MITER 


Miter 
OFF  lOP^ 


DEPTH 

Sill 

3 

6 

9 

12 

15 

18 


ON 


1.347 

1.655 

1.606 

1.591 

1.445 

1.278 

0.827 


1.009 

1.046 

1.065 

1.050 

1.005 

0.930 

0.756 


1.201 

1.317 

1.359 

1.363 

1.285 

1.129 

0.840 


iop2 


1.103 

1.220 

1.272 

1.279 

1.240 

*** 

*** 


The  numbers  in  the  last  column  were  taken  under  turbulent  conditions  and 
are  therefore  not  reliable. 
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PIKE  ISLAND  AUXILIARY  LOCK 
DSG/DSS 

LAND  WALL  SIDE 


56 

Feet 

50 

Feet 

37.5 

Feet 

DEPTH 

ON 

OFF 

lOP^ 

iop2 

OFF 

lOP^ 

iop2 

ON 

OFF 

lopl 

iop2 

Sill 

1.251 

1.115 

1.186 

1.160 

1.280 

1.036 

1.148 

1.140 

1.215 

1.036 

1.092 

1.109 

3 

1.637 

1.062 

1.271 

1.172 

1.293 

1.062 

1.151 

1.162 

1.370 

1.051 

1.137 

1 . 125 

6 

1.736 

1.044 

1.269 

1.190 

1.328 

1.061 

1.167 

1.161 

1.563 

1.066 

1.161 

1.148 

9 

1.515 

0.979 

1.161 

1.213 

1.300 

1.056 

1.149 

1.161 

1.485 

1.054 

1.154 

1 . 144 

12 

0.900 

0.801 

0.879 

1.208 

1.339 

1.044 

1.147 

1.147 

1.460 

1.032 

1.129 

1 . 125 

15 

0.803 

0.714 

0.789 

1.185 

1.313 

0.999 

1.103 

1.104 

1.273 

0.97.9 

1.051 

1 . 080 

18 

0.795 

0.696 

0.767 

*** 

0.921 

0.813 

0.867 

*  *  * 

0.904 

0.820 

0.855 

*  *  ★ 

25 

Feet 

19 

Feet 

12.5 

Feet 

DEPTH 

ON 

OFF 

lOP* 

IOp2 

ON 

OFF 

lOP* 

lOP^ 

ON 

OFF 

lOP^ 

iop2 

Sill 

1.204 

0.973 

3 

1.271 

1.061 

6 

1.440 

1.073 

9 

1.454 

1.065 

12 

1.484 

1.032 

15 

1.453 

0.983 

18 

0.953 

0.847 

1.044 

1.095 

1.210 

1.105 

1.110 

1.292 

1.154 

1.148 

1.345 

1.161 

1.137 

1.332 

1.125 

1.130 

1.313 

1.081 

1.090 

1.236 

0.886 

it  It  it 

0.891 

1.041 

1.084 

1.091 

1 

1.038 

1.097 

1.102 

i 

1.046 

1.126 

1.121 

1 

1.026 

1.104 

1.125 

1 

0.994 

1.086 

1.109 

1 

0.963 

1.043 

1.086 

1 

0.802 

0.839 

*'** 

0 

149 

0.976 

1.014 

1.074 

334 

1.038 

1.075 

1.092 

503 

1.057 

1.134 

1.112 

446 

1.024 

1.111 

1.113 

372 

0.984 

1.068 

1.095 

297 

0.945 

1.026 

1.055 

772 

0.706 

0.728 

*  *  ilr 

7 

Feet 

Ouoin  fLand  WalU 

DEPTH 

ON 

OFF 

lOP* 

lOP^ 

ON 

OFF 

lOP* 

iop2 

Sill 

0.796 

0.757 

0.763 

0.900 

0.884 

0.803 

0.821 

0.793 

3 

1.060 

0.932 

0.945 

0.995 

1.153 

0.958 

0.860 

0.832 

6 

1.093 

0.945 

0.994 

1.020 

1.250 

0.963 

1.036 

0.850 

9 

1.123 

0.936 

0.985 

1.020 

1.400 

0.937 

1.012 

0.895 

12 

1.117 

0.902 

0.961 

1.027 

1.206 

0.879 

0.939 

0.849 

15 

1.018 

0.847 

0.898 

1.036 

0.855 

0.716 

0.754 

0.717 

18 

0.752 

0.676 

0.698 

*** 

0.530 

0.517 

0.522 

*  *  * 
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PIKE  ISLAND  RECTIFIER 
ISLAND  (RIVER)  WALL  -  USG 
6/12/91 


Goodall 

TIAYCD  24-40/30/16/GGNPSZ 
0031451  -  4  Circuits 
86A1084 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45‘*C 
24/24  Volts,  3/16  Amperes 

OPERATING  DATA 


Manufacturer : 
Model : 

Type; 

Serial  Number: 
Primary: 

Output : 

CIRCUIT  *1 

10.79  Volts  (25) 
7.00  Amperes  (13) 
Shunt  Size  50mV/50A 
Shunt  mV  =  7.0 
Watts  =  76 


CIRCUIT  #2 

7.43  Volts  (17) 
3.92  Amperes  (3) 
Shunt  Size  50mV/40A 
Shunt  mV  =  4.9 
Watts  =  29 


CIRCUIT  *3 

9.04  Volts  (17) 
2.76  Amperes  (2) 
Shunt  Size  50mV/20A 
Shunt  mV  =  6.9 
Watts  -  25 


CIRCUIT  #4 

6.10  Volts 
0 . 69  Amperes 
Shunt  Size  50mV/8A 
Shunt  mV  =  4.3 
Watts  =  4.2 


Total  Secondary  Watts  for  this  rectifier  =  134 


TERMINAL  BOX  DATA 

(The  terminal  box  shunt  readings  have  been  converted  to  amperes  below.  Shunts  are 
5A/50mV) 


Quoin 

&  Miter 

Back 

Center 

Stub 

Skin 

Anode 

Strinas 

Anode 

Strinas 

Anode 

Strinas 

Anode 

Disks 

EAR  No. 

Amoeres 

EAR  No. 

LSA  No. 

Amoeres 

E2 

0.85 

A2 

0.57 

A1 

0.13 

1 

0.05 

F2 

0.84 

B2 

0.51 

B1 

0.17 

2 

0.05 

G2 

0.90 

C2 

0.46 

Cl 

0.16 

3 

0.04 

H2 

0.93 

02 

0.39 

D1 

0.16 

4 

0.05 

12 

0.89 

M2 

0.52 

El 

0.14 

5 

0.04 

J2 

0.80 

N2 

0.52 

FI 

0.16 

6 

0.04 

K2 

0.91 

02 

0.48 

G1 

0.16 

7 

0.04 

L2 

0.82 

P2 

0.47 

HI 

0.10 

8 

0.05 

TOTAL 

6.94 

TOTAL 

3.92 

11 

0.14 

9 

0.04 

J1 

0.18 

10 

0.04 

K1 

0.15 

11 

0.04 

LI 

0.27 

12 

0.04 

Ml 

0.15 

13 

0.04 

N1 

0.15 

14 

0.04 

01 

0.14 

15 

0.04 

PI 

0.20 

TOTAL 

0.64 

TOTAL 

2.56 
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PIKE  ISLAND  RECTIFIER 
LAND  WALL  -  USG 
6/12/91 


Manufacturer:  Goodall 


Model: 

Type: 

Serial  Number: 

Primary: 

Output:. 


CSAWSD  -  24/30 

HNPSE  -  24/16 
0031449  -  2  Circuits 
86C1951 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45°C 
24/24  Volts,  3/16  Amperes 


OPBRAIINO  DATA 


CIRCUIT  *1 

16.54  Volts  (30) 
18.16  Amperes  (31) 
Shunt  Size  50mV/40A 
Shunt  mV  =  22.7 
300  Watts 


CIRCUIT  *2 

5.13  Volts 
0.48  Amperes 
Shunt  Size  50mV/20A 
Shunt  mV  »  1.2 
2.5  Watt 


Total  Secondary  Watts  =  303 


TERNINAL  BOX  DATA 

(The  terminal  box  shunt  readings  have  been  converted  to  amperes  below.  Shunts  are 
5A/50mV) 

Quoin,  Miter  &  Back  Center  Skin 

Anode  Strings  Anode  Disk 


EAR  No. 

Amoeres 

LSA  No. 

Amoeres 

A 

2.4 

1 

0.03 

B 

2.1 

2 

0.03 

C 

2.2 

3 

0.03 

D 

2.3 

4 

0.03 

E 

2.1 

5 

0.03 

F 

2.1 

6 

0.03 

G 

2.3 

7 

0.03 

H 

2.2 

8 

0.03 

TOTAL 

17.7 

9 

0.03 

10 

0.03 

11 

0.03 

12 

0.03 

13 

0.03 

14 

0.02 

15 

0.02 

TOTAL 

0.43 
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PIKE  ISLAND  RECTIFIER 
ISLAND  (RIVER)  WALL-  DSG 
6/12/91 


Manufacturer: 
Model : 

Type: 

Serial  Number: 
Primary: 

Output : 


Goodall 

CSAWSD  -  24/30 
HNPSE  -  24/16 

0031449  -  2  Circuits 

86C1950 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45'’C 
24/24  Volts,  3/16  Amperes 


OPERATING  DATA 


CIRCUIT  /I 


CIRCUIT  #2 


16.32  Volts  (30) 
12.32  Amperes  (16  jumpy) 
Shunt  Size  50mV/40A 
Shunt  mV  =  15.4 
201  Watts 


4.73  Volts 
0.5  Amperes 
shunt  Size  50mV/20A 
Shunt  mV  =  1.3 
2.5  Watt 


TERMINAL  BOX  DATA 


(The  terminal  box  shunt  readings  have  been  converted  to  amperes  below. 
5A/50mV) 


Shunts  an 


Quoin,  Miter  &  Back  Center 
Anode  Strings 


Skin 

Anode  Disk 


EAR  No. 

A 

B 

C 

D 

E 

F 

G 

H 

TOTAL 


Amperes 

2.7 

1.3 

1.2 

1,1 

1.1 

1.2 

1.1 

12.5 


Note:  Strings  "A"  &  "H"  above  are  located 

on  the  Upstream  Side  (USS)  of  the  gate  (Quoin 
Si  Miter)  and  are  more  than  twice  as  long  as 
the  other  strings.  This  makes  the  their 
resistance  1/2  the  others  and  doubles  the 
current.  The  chamber  pool  was  full. 


LSA  No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 

TOTAL 


Amperes 
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PIKE  ISLAND  RECTIFIER 
LAND  HALL-  DSC 
6/12/91 


Manufacturer] 

Model: 

Tyije: 

Serial  Number: 
Primary: 

Output : 


Goodall 

CSAWSD  -  24/30 

HNPSE  -  24/16 

0031449  -  2  Circuits 

86C1949 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45°C 
24/24  Volts,  3/16  Amperes 


OPERATING  DATA 


CIRCUIT  *1 

17.2  Volts  (30) 
12.08  Amperes  (18) 
Shunt  Size  50mV/40A 
Shunt  mV  =  15.1 
208  Watts 


CIRCUIT  *2 

4.98  Volts 
0.64  Amperes 
Shunt  Size  50mV/20A 
Shunt  mV  =  1.6 
3.2  Watt 


TERMINAL  BOX  DATA 

(The  terminal  box  shunt  readings  have  been  converted  to  amperes  below.  Shunts  are 
5A/50mV) 

Quoin,  Miter  &  Back  Center  Skin 

Anode  Strings  Anode  Disk 


EAR  No. 

Amoeres 

LSA  No. 

Amoeres 

A 

2.6 

1 

0.03 

B 

1.4 

2 

0.02 

C 

1.3 

3 

0.03 

D 

1.1 

4 

0.03 

E 

1.1 

5 

0.02 

F 

1.1 

6 

0.02 

G 

1.2 

7 

0.03 

H 

2^ 

8 

0.03 

TOTAL 

12.5 

9 

0.03 

10 

0.03 

11 

0.03 

Note:  Strings  “A" 

6  "H"  above 

are  located 

12 

0.03 

on  the  Upstream  Side  (USS)  of  the  gate  (Quoin 

13 

0.03 

&  Miter)  and  are  more  than  twice  as  long  as 

14 

0.03 

the  other  strings. 

This  makes 

the  their 

15 

0.03 

resistance  1/2  the 

others  and  doubles  the 

16 

0.02 

current.  The  chamber  pool  was 

full. 

17 

0.02 

18 

0.02 

19 

0.02 

20 

0.02 

21 

0.03 

22 

0.03 

23 

0.03 

TOTAL 

0.61 
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PliaC  ISLAND  (RIVER)  WALL  -  USG 
2/15/91 


Manu  f  acturer  t 
Model : 

Typo: 

Serial  Number: 
Primary: 

Output : 


Goodall 

TIAYCD  24-40/30/16/GGNPSZ 
0031451  -  4  Circuits 
86A1084 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45‘’C 
24/24  Volts,  3/16  Amperes 


OPERATZHO  DAXA 


CIRCUIT  *1 


CIRCUIT  #2 


CIRCUIT  *3 


CIRCUIT  *4 


25.60  Volta 
4.09  Amperes 
Shunt  Size  50mV/50A 
Shunt  mV  »  4.09 
105  Watts 


17.80  Volts 
3.99  Amperes 
Shunt  Size  50mV/40A 
Shunt  mV  »  4.99 
71  Watts 


17.70  Volts 
2.35  Amperes 
Shunt  Size  50mV/20A 
Shunt  mV  -  5.89 
42  Watts 


9.70  Volts 
0.50  Amperes 
Shunt  Size  50mV/8A 
Shunt  mV  =  3.14 
5  Watts 


Total  Secondary  Watts  »  223 


TERMINAL  BOX  DATA 


Anode 

String 

Anode 

String 

Anode 

String 

Anode 

Disk 

BAR  No. 

Amperes 

gw  WOr 

BAR  NO. 

Amperes 

LSA  No. 

Amperes 

E2 

0.788 

A2 

0.674 

A1 

0.123 

1 

0.034 

P2 

0.756 

B2 

0.612 

B1 

0.178 

2 

0.033 

G2 

0.833 

C2 

0.450 

Cl 

0.134 

3 

0.032 

H2 

0.829 

02 

0.422 

01 

0.127 

4 

0.033 

12 

0.747 

M2 

0.729 

El 

0.125 

5 

0.033 

J2 

0.750 

N2 

0.650 

FI 

0.170 

6 

0.033 

K2 

0.802 

02 

0.466 

G1 

0.136 

7 

0.033 

L2 

0.742 

P2 

0.493 

HI 

0.209 

8 

0.033 

11 

0.139 

9 

0.034 

J1 

0.192 

10 

0.031 

K1 

0.140 

11 

0.034 

LI 

0.296 

12 

0.034 

Ml 

0.000 

13 

0.032 

N1 

0.000 

14 

0.031 

01 

0.086 

15 

0.029 

PI 

0.308 
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PIK*  ISLAND  RBCTIFIKR 
LAND  WALL  -  DSC 
2/15/91 


Manufacturar: 

Model: 

Type; 

Serial  Number; 
Primary ; 

Output ; 


Goodall 

CSAWSD  -  24/30 

HNPSE  -  24/16 
0031449  -  Circuits 
86C1951 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45 °c 
24/24  Volts,  3/16  Amperes 


OPERATING  DATA 


CIRCUIT  <1 

29.50  Volts 
10.24  Amperes 
Shunt  Size  50mV/40A 
Shunt  mV  ■  12.80 
302  Watts 


CIRCUIT  /2 

5.12  Volts 
0 . 18  Amperes 
Shunt  Size  50mV/20A 
Shunt  mV  ->  .46 
1  Watt 


TBRNIMAL  BOX  DATA 


(The  terminal  box  shunt 
5A/50«V) 


readings  have  been 


converted  to  amperes  below. 


Shunts  are 


Quoin,  Miter  &  Back  Center 
Anode  Strings 


Skin 

Anode  Disk 


BAR  No. 

A 

B 

C 

D 

B 

P 

G 

H 


A<nPTes 

I<5A  No. 

Amperes 

1.876 

1 

0.010 

1.487 

2 

0.010 

1.611 

3 

0.009 

1.555 

4 

0.010 

1.460 

5 

0.010 

1.488 

6 

0.009 

1.568 

7 

0.009 

1.592 

8 

0.010 

9 

0.009 

10 

0.009 

11 

0.009 

12 

0.009 

13 

0.009 

14 

0.009 

15 

0.009 
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PIKX  ISLAND  RBCTIFIER 
ISLAND  (RIVER)  WALL-  DSG 
2/15/91 


Manufacturer: 

Model: 

Type: 

Serial  Number: 
Primary: 

Output : 


Goodall 

CSAWSD  -  24/30 
HNPSE  -  24/16 

0031449  -  2  Circuits 

86C1950 

480  VAC,  2.39/1.27  Amperes,  Single  Phase,  60  Hz,  45 "C 
24/24  Volts,  3/16  Amperes 


OPERATING  DATA 


CIRCUIT  #1 

30.29  Volts 
9.50  Amperes 
Shunt  Size  50mV/40A 
Shunt  mV  »  11.88 
288  Watts 


CIRCUIT  *2 

5.33  Volts 
0.23  Amperes 
Shunt  Size  50mV/20A 
Shunt  mV  ■  .57 
1  Watt 


TERMINAL  BOX  DATA 

(The  terminal  box  shunt  readings  have  been  converted  to  eumperes  below.  Shunts  arc 
5A/50mV) 

Quoin,  Miter  £  Back  Center  Skin 

Anode  Strings 


BAR  NO, 

Amperes 

LSA  No. 

Amperes 

A 

2.112 

1 

0.008e 

B 

1.064 

2 

0.010 

C 

0.964 

3 

0.010 

D 

0.781 

4 

0.011 

E 

0.781 

5 

0.010 

F 

0.875 

6 

0.009 

G 

0.906 

7 

0.009 

H 

2.084 

8 

0.009 

9 

0.010 

10 

0.009 

11 

0.009 

12 

0.009 

13 

0.009 

14 

0.009 

15 

0.010 

16 

0.009 

17 

0.009 

18 

0.005 

19 

0.007 

20 

0.005 

21 

0.009 

22 

0.009 

23 

0.008 
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PIKE  ISLAND  RECTIFIER 
LAND  WALL-  DSC 
2/15/91 


Manufacturer: 

Goodall 

Model: 

CSAWSD  -  24/30 

HNPSE  -  24/16 

Type: 

0031449  -  2  Circuits 

Serial  Number: 

86C1949 

Primary; 

480  VAC,  2.39/1.27  Amperes 

Output : 

24/24  Volta,  3/16  Amperes 

Single  Phase, 


60  Hz, 


45°C 


OPERATIMO  DATA 


CIRCUIT  #1 


CIRCUIT  #2 


29.69  Volta 
9 . 12  Amperes 
Shunt  Size  50mV/40A 
Shunt  mV  »  11.39 
271  Watts 


5.22  Volta 
0.23  Amperes 
Shunt  Size  50raV/20A 
Shunt  mV  *  .57 
1  Watt 


TESMXIIAL  BOX  DATA 

(The  terminal  box  shunt  readings  have  been  converted  to  amperes  below. 
5A/50mV) 


Shunts  are 


Quoin,  Miter  &  Back  Center 
Anode  Strings 


Skin 


R  No. 

Amperes 

LSA  No. 

Amperes 

A 

1.735 

1 

0.012 

B 

1.079 

2 

0.011 

C 

0.953 

3 

0.013 

D 

0.750 

4 

0.015 

E 

0.728 

5 

0.011 

F 

0.944 

6 

0.012 

G 

0.972 

7 

0.013 

H 

1.847 

8 

0.013 

9 

0.013 

10 

0.012 

11 

0.011 

12 

0.012 

13 

0.012 

14 

0.012 

15 

0.012 

16 

0.011 

17 

0.012 

18 

0.010 

19 

0.010 

20 

0.010 

21 

0.012 

22 

0.011 

23 

0.010 
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APPENDIX  E:  Cordell  Hull  Dam  Native  Potentials  (North  Tainter  Gate),  1988 


El 


CORDELL  HULL  LOCK  AND  DAM  TAINER  GATE 
NORTH  GATE  NATIVE  POTENTIAL  DATA 

4/20/88 

(See  drawing  for  South  Gate  in  Appendix  F  for  Data  Locations) 


A 

C 

E 

Surface 

0.402 

0.362 

0.279 

3 

0.466 

0.342 

0.276 

6 

0.481 

0.353 

0.270 

9 

0.462 

0.333 

0.262 

12 

0.460 

0.301 

0.255 

15 

0.300 

0.259 

0.249 

18 

0.265 

0.232 

0.244 

21 

0.244 

0.223 

0.242 

24 

0.254 

0.227 

0.243 

27 

0.258 

0.239 

0.247 

30 

0.271 

0.253 

0.253 

33 

0.283 

0.268 

0.258 

36 

0.289 

0.275 

0.261 

37 

0.291 

0.275 

0.261 

G 

I 

K 

M 

0.262 

0.278 

0.346 

0.381 

0.260 

0.273 

0.342 

0-.511 

0.258 

0.266 

0.332 

0.526 

0.255 

0.259 

0.315 

0.527 

0.251 

0.251 

0.290 

0.515 

0.249 

0.244 

0.255 

0.393 

0.247 

0.238 

0.228 

0.261 

0.249 

0.237 

0.216 

0.195 

0.252 

0.269 

0.218 

0.202 

0.255 

0.244 

0.228 

0.229 

0.257 

0.249 

0.241 

0.247 

0.259 

0.254 

0.254 

0.261 

0.259 

0.256 

0.261 

0.269 

0.259 

0.257 

0.261 

0.271 

E2 


DETAILED  EQUIPOTENTIAL  BETWEEN  ANODES  #12  AND  #13 


According  to  the  1988  off  potential  data  below,  the  polarization 
potential  next  to  the  LSA  does  not  reach  any  value  of  concern  from 
hydrogen  production  and  paint  damage.  This  remains  true  even  if  an 
additional  140  mV  is  added  to  the  off  potential  readings  as  the 
instant  off  potential  readings  suggest  should  be  done  in  some  cases. 
See  main  body  of  data. 


CENTER  (#3)  POSITION 
EQUIPOTENTIAL  AT  CENTER  OF  GATE 


DISTANCE*  ON  POTENTIAL  OFF  POTENTIAL 

At  Anode  Center  #13 
2  in. 

4  in. 

6  in. 

8  in. 

10  in. 

12  in. 

2  ft. 

3  ft.  . 

4  ft. 

5  ft. 

6  ft. 

7  ft. 

7  ft.  2  in. 

7  ft.  4  in. 

At  Anode  Center  #12 


*  Distance  away  from  center  of  Anode  #13  moving  up  to  Anode  #12 


18.20 

0.88 

16.90 

0.89 

10.54 

0.76 

8.08 

0.73 

7.03 

0.72 

6.51 

0.71 

6.12 

0.72 

4.98 

0.70 

4.61 

0.70 

4.48 

0.70 

4.51 

0.69 

4.91 

0.69 

6.71 

0.69 

7.84 

0.70 

9.59 

0.70 

12.48 

0.71 
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APPENDIX  F:  CERANODE  Survey  Data  for  Cordell  Hull  Dam,  1989 


FI 


CORDELL  HULL  READINGS 
(8/25/89) 


A 


ON 

OFF 

lOP 

DECAY 

DELTA 

Bottom 

1.313 

0.853 

0.917 

0.681 

0.236 

3 

1.310 

0.814 

0.884 

0.705 

0.179 

6 

1.302 

0.801 

0.883 

0.662 

0.221 

9 

1.277 

0.839 

0.916 

0.684 

0.232 

12 

1.076 

0.809 

0.867 

0.684 

0.183 

15 

0.966 

0.817 

0.872 

0.688 

0.184 

18 

0.944 

0.798 

0.857 

0.746 

0.111 

21 

0.979 

0.858 

0.907 

0.785 

0.122 

24 

0.986 

0.848 

0.926 

0.782 

0.144 

27 

1.184 

1.000 

1.109 

0.825 

0.284 

30 

1.183 

0.993 

1.108 

0.803 

0.305 

33 

1.351 

1.079 

1.229 

0.802 

0.427 

36 

1.330 

1.052 

1.208 

0.746 

0.462 

39 

1.288 

1.027 

1.178 

0.672 

0.506 

D 


ON 

OFF 

lOP 

DECAY 

DELTA 

Bottom 

2 . 089 

0.800 

0.899 

0.665 

0.234 

3 

2 . 170 

0.765 

0.869 

0.634 

0.235 

6 

2.272 

0.724 

0.830 

0.589 

0.241 

9 

2.424 

0.673 

0.787 

0.552 

0.235 

12 

2.450 

0.633 

0.743 

0.514 

0.229 

15 

2.410 

0.596 

0.709 

0.483 

0.226 

18 

2.521 

0.575 

0.690 

0.465 

0.225 

21 

2.459 

0.575 

0.689 

0.458 

0.231 

24 

2.512 

0.582 

0.709 

0.462 

0.247 

27 

2.662 

0.611 

0.743 

0.474 

0.269 

30 

2.577 

0.638 

0.779 

0.491 

0.288 

33 

2.735 

0.666 

0.818 

0.508 

0.310 

36 

2.742 

0.692 

0.846 

0.521 

0.325 

39 

2.578 

0.702 

0.857 

0.521 

0.336 
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CORDELL  HULL  READINGS 
(8/25/89) 


F 


OFF  lOP  decay  delta 


Bottom 

2.300 

0.832 

3 

2.336 

0.786 

6 

2.504 

0.752 

9 

2.771 

0.718 

12 

2.863 

0.688 

15 

2.838 

0.662 

18 

3.096 

0.630 

21 

3.000 

0.619 

24 

3.055 

0.618 

27 

3.234 

0.623 

30 

3.111 

0.627 

33 

3.244 

0.639 

36 

3.238 

0.650 

39 

3.069 

0.648 

0.940 

0.684 

0.256 

0.900 

0.659 

0.241 

0.871 

0.621 

0.250 

0.849 

0.584 

0.265 

0.824 

0.550 

0.274 

0.807 

0.527 

0.280 

0.779 

0.507 

0.272 

0.758 

0.495 

0.263 

0.758 

0.488 

0.270 

0.770 

0.489 

0.281 

0.781 

0.492 

0.289 

0.801 

0.496 

0.305 

0.817 

0.500 

0.317 

0.819 

0.501 

0.318 

ON 

OFF 

Bottom 

2.191 

0.786 

3 

2.272 

0.767 

6 

2.458 

0.737 

9 

2.726 

0.704 

12 

2.846 

0.673 

15 

2.894 

0.652 

18 

3.069 

0.633 

21 

3.036 

0.624 

24 

3.080 

0.624 

27 

3.182 

0.628 

30 

3.100 

0.634 

33 

3.233 

0.644 

36 

3.211 

0.647 

39 

3.065 

0.654 

H 


lOP 

DECAY 

DELTA 

0.911 

0.667 

0.244 

0.891 

0.646 

0.245 

0.866 

0.615 

0.251 

0.838 

0.589 

0.249 

0.815 

0.560 

0.255 

0.792 

0.535 

0.257 

0.780 

0.516 

0.264 

0.770 

0.505 

0.265 

0.771 

0.499 

0.272 

0.777 

0.498 

0.279 

0.789 

0.498 

0.291 

0.811 

0.502 

0.309 

0.821 

0.505 

0.316 

0.822 

0.506 

0.316 
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CORDELL  HULL  READINGS 
(8/25/89) 


J 


ON 

OFF 

lOP 

DECAY 

Bottom 

2.036 

0.805 

0.913 

0.690 

3 

2.154 

0.743 

0.859 

0.639 

6 

2.248 

0.707 

0.823 

0.596 

9 

2.424 

0.672 

0.791 

0.555 

12 

2.450 

0.639 

0.760 

0.524 

15 

2.476 

0.622 

0.738 

0.499 

18 

2.635 

0.608 

0.743 

0.484 

21 

2.536 

0.609 

0.743 

0.478 

24 

2.565 

0.612 

0.747 

0.482 

27 

2.681 

0.630 

0.768 

0.493 

30 

2.594 

0.655 

0.798 

0.509 

33 

2.689 

0.691 

0.839 

0.528 

36 

2.656 

0.710 

0.868 

0.544 

39 

2.468 

0.723 

0.878 

0.551 

L 


ON 

OFF 

lOP 

DECAY 

Bottom 

1.690 

0.785 

0.872 

0.806 

3 

1.568 

0.750 

0.831 

0.722 

6 

1.569 

0.739 

0.817 

0.719 

9 

1.660 

0.721 

0.801 

0.719 

12 

1.617 

0.719 

0.793 

0.712 

15 

1.520 

0.712 

0.784 

0.720 

18 

1.728 

0.687 

0.775 

0.716 

21 

1.419 

0.740 

0.862 

0.625 

24 

1.372 

0.792 

0.952 

0.869 

27 

1.752 

0.797 

0.945 

0.872 

30 

1.680 

0.820 

0.964 

0.863 

33 

1.680 

0.907 

1.061 

0.839 

36 

1.672 

0.929 

1.098 

0.793 

39 

1.599 

0.894 

1.042 

0.717 

DELTA 

0.223 

0.220 

0.227 

0.236 

0.236 

0.239 

0.259 

0.265 

0.265 

0.275 

0.289 

0.311 

0.324 

0.327 


DELTA 


0.066 

0.109 

0.098 

0.082 

0.081 

0.064 

0.059 

0.237 

0.083 

0.073 

0.101 

0.222 

0.305 

0.325 
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CORDELL  HULL  READINGS 
(8/25/89) 


M 


ON 

OFF 

Bottom 

1.273 

0.888 

3 

1.312 

0.832 

6 

1.301 

0.840 

9 

1.243 

0.844 

12 

0.993 

0.820 

15 

1.027 

0.872 

18 

1.032 

0.859 

21 

0.901 

0.796 

24 

1.038 

0.907 

27 

1.115 

0.971 

30 

1.137 

0.982 

33 

1.297 

1.072 

36 

1.308 

0.988 

39 

1.351 

0.920 

lOP 

DECAY 

DELTA 

0.937 

0.701 

0.236 

0.899 

0.673 

0.226 

0.909 

0.652 

0.257 

0.906 

0.636 

0.270 

0.877 

0.607 

0.270 

0.955 

0.583 

0.372 

0.950 

0.542 

0.408 

0.850 

0.541 

0.309 

0.986 

0.572 

0.414 

1.052 

0.586 

0.466 

1.073 

0.619 

0.454 

1.189 

0.647 

0.542 

1.129 

0.660 

0.469 

1.049 

0.659 

0.390 
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CORDELL  HULL 


RECTIFIER  READINGS 


CIRCUIT  #2  CIRCUIT  #1  CIRCUIT  #3 


18.74  Volts  20.42  Volts  20.77  Volts 

0.36  Amperes  0.64  Amperes  0.94  Amperes 

7.7  Watts  13.1  Watts  15.9  Watts 


JUNCTION  BOX  READINGS 
(8/25/89) 


CIRCUIT  #2  CIRCUIT  #1  CIRCUIT  #3 


ANODE  NO.  CURRENT  ANODE  NO. 


5  0.072  1 

10  0.072  2 

15  0.065  3 

20  0.069  4 

25  0.068  21 

22 

23 

24 
26 


CURRENT 

ANODE  NO. 

CURRENT 

0.080 

6 

0.080 

0.074 

7 

0.073 

0.072 

8 

0.072 

0.075 

9 

0.074 

0.078 

11 

0.078 

0.076 

12 

0.074 

0.000 

13 

0.073 

0.082 

14 

0.074 

0.078 

16 

0.078 

17 

0.074 

18 

0.073 

19 

0.074 

Total  Power  Before  With  %  Efficient  Rectifier  =  7.7  +  13.1  +  15.9 
Divided  by  0.80  =  46  Watts 
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CORDELL  HULL 


DEPOLARIZATION  DECAY  CHART 
(8/25/89) 


TIME 

POTENTIAL 

lOP 

* 

0.778 

OFF 

** 

0.633 

0:00 

08 

0.600 

0:00 

25 

0.585 

0:00 

30 

0.582 

0:00 

45 

0.577 

0:00 

60 

0.574 

0:01 

30 

0.569 

0:02 

00 

0.565 

0:02 

30 

0.563 

0:03 

00 

0.561 

0:04 

00 

0.557 

0:05 

00 

0.555 

0:06 

00 

0.553 

0:07 

00 

0.551 

0:08 

00 

0.550 

0:09 

00 

0.549 

0:10 

00 

0.549 

0:17 

00 

0.541 

0:30 

00 

0.534 

4:57 

00 

0.530 

5:12 

00 

0.524 

5:52 

00 

0.517 

6:12 

00 

0.516 

*  lOP  =  Instant  Off  Potential  as  measured  with  Xetron  and  verfied 
with  Leader  LCD-100  Scope 

**  OFF  =  Off  Potential  measured  with  2nd  Fluke  Model  75  DVM 
Update 
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APPENDIX  G:  Survey  Data  for  Cordell  Hull  Dam  (South  Tainter  Gate),  1991 


G1 


44-3.5 


5’-6”  8’-6” 


8’-6” 


8’-6’'  5’-6” 


45’ 


CORDELL  HULL  READINGS 
(3/04/91) 


A 


ON 

OFF* 

lOP 

DVM 

DVM 

CPA 

Sill 

Gate  was 

open  3 

Gate 

Seal  1.093 

1.096 

1.045 

3 

1.250 

1.011 

1.148 

6 

1.074 

0.859 

0.930 

9 

1.005 

0.814 

0.850 

12 

1.053 

0.813 

0.949 

15 

1.195 

1.032 

1.108 

18 

1.231 

1.060 

1.129 

21 

1.156 

0.951 

1.020 

24 

1.129 

0.986 

1.045 

27 

1.145 

0.949 

1.042 

30 

1.110 

0.925 

1.020 

33 

1.200 

0.863 

0.960 

F 


ON 

OFF 

lOP 

DVM 

DVM 

CPA 

Sill 

Gate  was 

open  3 

Gate 

Seal  1.850 

0.684 

0.836 

3 

2.297 

0.683 

0.894 

6 

2.940 

0.717 

0.950 

9 

3.750 

0.681 

0.983 

12 

3.150 

0.680 

0.954 

15 

3.580 

0.661 

0.974 

18 

3.920 

0.601 

0.924 

21 

4.220 

0.595 

0.942 

24 

t.76« 

0 . 603 

1.141 

27 

4.72  0 

0.595 

0.974 

30 

5 . 140^ 

0 . 605 

0.991 

33 

5 . 060 

0 . 604 

0.962 

*Ribbon  Magnesium  Anodes  present 


0 

lOP  ON  OFF  lOP  mV 

SjPzl  fiiai  D\ai  CPA  Shift 

feet  because  of  flooding  conditions 
0.832  3.580  0.622  0.719  97 

0.853  1.636  0.591  0.695  104 

0.817  2.662  0.559  0.671  112 

0.799  3.000  0.526  0.664  138 

0.785  2.432  0.506  0.661  155 

0.809  4.340  0.493  0.658  165 

0.826  2.671  0.503  0.659  156 

0.830  2.670  0.548  0.720  172 

0.832  3.460  0.575  0.803  228 

0.834  3.520  0.605  0.857  252 

0.822  4.070  0.619  0.912  293 

0.844  4.360  0.629  0.930  301 


H 

lOP  ON  OFF  lOP  mV 

S£-l  Dm  am  SEA  shift 

feet  because  of  flooding  condition 
152  4.050  0.723  0.901  178 

211  2.611  0.704  0.898  194 

233  3.087  0.604  0.903  299 

302  2.677  0.573  0.758  185 

274  2.800  0.575  0.744  169 

313  3.780  0.635  0.999  364 

323  3.600  0.612  0.924  312 

347  3.890  0.597  0.924  327 

538  5.220  0.601  1.039  438 

379  4.650  0.599  0.970  371 

386  4.920  0.614  0.986  372 

358  5.280  0.620  1.007  381 


near  the  edges 
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CORDELL  HULL  READINGS 
(3/04/91) 


J  L 


ON 

OFF 

lOP 

lOP 

ON 

OFF 

lOP 

mV 

DVM 

SP-1 

Dial 

DVH 

CPA 

Shitt 

Sill 

Gate  was 

open  3 

feet 

because  of 

flooding 

condition 

Gate 

Seal  2.100 

0.720 

0.871 

151 

2.128 

0.744 

0.885 

141 

3 

2.268 

0.650 

0.839 

189 

2.170 

0.672 

0.852 

180 

6 

2.700 

0.606 

0.788 

182 

2.525 

0.636 

0.824 

152 

9 

1.400 

0.617 

0.800 

183 

2.787 

0.617 

0.805 

188 

12 

2.200 

0.578 

0.774 

187 

2.525 

0.584 

0.775 

191 

15 

2.800 

0.579 

0.809 

230 

3.040 

0.754 

0.833 

79 

18 

2.840 

0;588 

0.835 

247 

2.870 

0.676 

0.866 

190 

21 

2.945 

0.619 

0.870 

251 

2.852 

0.630 

0.863 

233 

24 

3.238 

0.661 

0.943 

282 

4.360 

0.636 

0.943 

307 

27 

3.460 

0.641 

0.958 

317 

3.430 

0.663 

0.948 

285 

30 

4.260 

0.661 

0.985 

324 

3.850 

0.705 

1.004 

299 

33 

4.230 

0.681 

1,006 

325 

5.901 

0.753 

1.098 

345 

M 


ON 

OFF  * 

lOP 

sm 

D^ 

CPA 

Sill 

Gate  was 

open  3 

Gate 

Seal  0.680 

0.594 

0.711 

3 

0.824 

0.914 

0.800 

6 

0.775 

*** 

*** 

9 

0.830 

0.706 

0.750 

12 

0.960 

0.772 

0.850 

15 

0.898 

0.773 

0.785 

18 

0.950 

0.761 

0.844 

21 

0.955 

0.863 

0.912 

24 

0 . 968 

0.869 

0.927 

27 

1.043 

0.962 

0.990 

30 

1.140 

0.904 

0.989 

33 

1 . 196 

0.963 

0.957 

lOP 

Sg.“l 

feet  because  of  flooding  condition 
0.750 
0.680 
0.640 
0.633 
0.693 
0.674 
0.700 
0.690 
0.725 
0.770 
0.786 
0.800 
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CORDELL  HULL 


RECTIFIER  READINGS 
Manufacturer; 

Model ; 

Type: 

Serial  Nxomber: 
Primary: 

Output : 


Universal  Rectifier 
ASP-CC 

Constant  Current  Saturable  Reactor  -  3  Circuits 
860936 

120  VAC,  1  Ph,  60  Hz 
24/24/24  Volts,  2/2/2  Amperes 


Features:  Analog  Ampere  and  Voltage  Meters,  Meter  Switch,  UR  Company 

Switches,  Multiturn  Current  Adjustment/Circuit 


CIRCUIT  *1 

23.25  Volts 
0.33  Amperes 
7.56  Watts 


CIRCUIT 

23.50  Volts 
0.50  Amperes 
11.75  Watts 


CIRCUIT 

24.00  Volts 
0.80  Amperes 
19.20  Watts 


JUNCTION  BOX  READINGS 
(3/04/91) 


CIRCUIT 

Jtz 

CIRCUIT 

_£1 

CIRCUIT  #3  1 

ANODE  NO. 

CURRENT 

ANODE  NO. 

CURRENT 

ANODE  NO. 

CURRENT 

5 

0.054 

1 

0.054 

6 

0.0675 

10 

0.063 

2 

0.050 

7 

0.060 

15 

0.056 

3 

0.050 

8 

0.058 

20 

0.063 

4 

0.050 

9 

0.060 

25 

0 . 062 

21 

0.064 

11 

0.064 

22 

0.063 

12 

0.061 

23 

*** 

13 

0.061 

24 

0.063 

14 

0.062 

26 

0.061 

16 

0.065 

17 

0.063 

18 

0.064 

19 

0.063 

Total  Power  Rectifier  =  7.6  +  11.8  +  19.2  =  38.6  Watts 


G5 


APPENDIX  H:  CERANODE  Survey  Data  for  Cape  Canaveral,  1989  Data 


HI 


RIVER  SIDE 


CANAVERAL  LOCKS 
POTENTIAL  SURVEY 
MEASUREMENT  LOCAT IONS 


CAPC  CANAVERAL  REAOINGS 
(8/29/89) 


GATE  NO.  1 


ABC 


DEPTH 

ON 

iJ2P 

DECAY 

SHIFT 

QS 

DECAY 

iilFT 

SS 

I2£ 

DECAY 

■SHIFT 

Bottot 

0.908 

0.891 

0.731 

0.160 

0.922 

0.887 

0.737 

0.150 

0.972 

0.956 

0.724 

0.232 

Middlt 

0.941 

0.904 

0.741 

0.163 

0.944 

0.890 

0.743 

0.147 

1.010 

0.963 

0.731 

0.232 

Top 

0.939 

0.903 

0.740 

0.163 

0.946 

0.891 

0.743 

0.148 

1.010 

0.968 

0.734 

0.234 

0 

E 

T 

DEPTH 

SH 

ISS. 

DECAY 

SHIFT 

1S£ 

DECAY 

SHIFT 

SH 

1S£ 

DECAY 

SHIFT 

Bottoai 

0.922 

0.915 

0.743 

0.172 

0.924- 

0.909 

0.755 

0.154 

0.910 

0.896 

0.735 

0.163 

Middlt 

0.927 

0.919 

0.743 

0.176 

0.932 

0.919 

0.758 

0.161 

0.917 

0.904 

0.736 

0.168 

Top 

0.931 

0.923 

0.743 

0.180 

0.932 

0.921 

0.759 

0.162 

0.916 

0.909 

0.736 

0.V73 

6 

N 

1 

depth 

2t 

1st 

DECAY 

SHIFT 

SS. 

DECAY 

SHIFT 

SH  ’ 

ist 

DECAY 

SHIFT 

Bottoi 

0.916 

0.903 

0.739 

0.164 

0.911 

0.903 

0.7U 

0.159 

•  0.902 

0.897 

0.745 

0.152 

Middlt 

0.918 

0.903 

0.739 

0.164 

0.914 

0.905 

0.743 

0.162 

0.904 

0.896 

0.7U 

0.152 

Top 

0.917 

0.904 

0.739 

0.165 

0.912 

0.905 

0.741 

0.164 

0.902 

0.896 

0.7U 

0.152 

H3 


CAPE  CANAVERAL  READINGS 
(8/29/89) 

GATE  NO.  3 


A 


C 


DEPTH 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

0.941 

0.921 

0.741 

0.180 

0.961 

0.942 

0.734 

0.208 

0.972 

0.956 

0.724 

0.232 

Middle 

0.955 

0.927 

0.746 

0.181 

0.980 

0.925 

0.727 

0.184 

1.010 

0.963 

0.731 

0.232 

Top 

0.950 

0.922 

0.747 

0.175 

0.976 

0.922 

0.728 

0.180 

1.010 

0.968 

0.734 

0.234 

D 

E 

F 

DEPTH 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

Middle 

Top 

0.927 

0.933 

0.933 

0.921 

0.927 

0.927 

0.748 

0.748 

0.748 

0.173 

0.179 

0.179 

0.947 

0.952 

0.952 

0.938 

0.939 

0.939 

0.750 

0.750 

0.750 

0.188 

0.189 

0.189 

0.936 

0.941 

0.941 

0.927 

0.931 

0.933 

0.751 

0.752 

0.752 

0.176 

0.179 

0.181 

G 

H 

I 

DEPTH 

ON 

I  OP  DECAY 

SHIFT 

ON 

I  OP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

0.939 

0.925  0.753 

0.172 

0.926 

0.920 

0.755 

0.165 

0.912 

0.907 

0.755 

0.152 

Middle 

0.937 

0.924  0.753 

0.171 

0.927 

0.921 

0.755 

0.166 

0.915 

0.907 

0.754 

0.153 

Top 

0.937 

0.925  0.753 

0.172 

0.956 

0.921 

0.754 

0.167 

0.915 

0.909 

0.754 

0.155 

H4 


CAPE  CANAVERAL  READINGS 
(8/29/89) 


GATE  NO.  2 


A  B  C 


DEPTH 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

0.888 

0.871 

0.763 

0.108 

0.902 

0.881 

0.768 

0.113 

0.934 

0.925 

0.759 

0.166 

Middle 

0.897 

0.880 

0.765 

0.115 

0.916 

0.878 

0.768 

0.110 

0.951 

0.927 

0.764 

0.163 

Top 

0.893 

0.877 

0.764 

0.113 

0.920 

0.878 

0.768 

0.110 

0.966 

0.933 

0.761 

0.172 

0 

E 

F 

DEPTH 

ON 

lOP 

DECAY 

SHIFT 

ON 

10P 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

0.884 

0.880 

0.766 

0.114 

0.888 

0.881 

0.759 

0.122 

0.891 

0.881 

0.760 

0.121 

Middle 

0.893 

0.886 

0.766 

0.120 

0.895 

0.886 

0.762 

0.124 

0.895 

0.886 

0.761 

0.125 

Top 

0.889 

0.884 

0.766 

0.118 

0.896 

0.889 

0.762 

0.127 

0.893 

0.886 

0.761 

0.125 

G 

H 

I 

DEPTH 

ON 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

10P 

DECAY 

SHIFT 

Bottom 

0.890 

0.880 

0.765 

0.115 

0.883 

0.874 

0.767 

0.107 

0.877 

0.871 

0.766 

0.105 

Middle 

0.891 

0.880 

0.765 

0.115 

0.885 

0.878 

0.766 

0.112 

0.877 

0.870 

0.765 

0.105 

Top 

0.891 

0.880 

0.765 

0.115 

0.883 

0.878 

0.765 

0.113 

0.876 

0.869 

0.765 

0.104 

H5 


CAPE  CANAVERAL  READINGS 
(8/29/89) 


GATE  NO.  4 


A 

B 

c 

DEPTH 

lOP  DECAY  SHIFT 

ON 

lOP  DECAY 

SHIFT 

ON 

lOP  DECAY 

Bottom 

Middle 

Top 

0.876 

0.892 

0.895 

0.861 

0.869 

0.879 

0.760 

0.768 

0.767 

0.101 

0.101 

0.112 

0.897 

0.912 

0.917 

0.886 

0.873 

0.872 

0.767 

0.770 

0.770 

0.119 

0.103 

0.102 

0.934 

0.951 

0.946 

0.925 

0.927 

0.933 

0.759 

0.764 

0.761 

0.166 

0.163 

0.172 

D 

E 

F 

DEPTH 

lOP 

DECAY 

SHIFT 

QN 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

Middle 

Top 

0.883 

0.888 

0.887 

0.880 

0.884 

0.884 

0.770 

0.769 

0.769 

0.110 

0.115 

0.115 

0.895 

0.901 

0.900 

0.891 

0.892 

0.892 

0.768 

0.769 

0.769 

0.123 

0.123 

0.123 

0.892 

0.897 

0.896 

0.885 

0.890 

0.888 

0.769 

0.768 

0.768 

0.116 

0.122 

0.120 

G 

H 

I 

DEPTH 

SN 

las. 

DECAY 

SHIFT 

lOP 

DECAY 

SHIFT 

ON 

lOP 

DECAY 

SHIFT 

Bottom 

Middle 

Top 

0.896 

0.886 

0.896 

0.882 

0.885 

0.885 

0.769 

0.769 

0.769 

0.113 

0.116 

0.116 

0.882 

0.885 

0.882 

0.878 

0.880 

0.880 

0.771 

0.769 

0.768 

0.107 

0.111 

0.112 

0.877 

0.880 

0.880 

0.874 

0.874 

0.874 

0.769 

0.769 

0.768 

0.105 

0.105 

0.106 
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CERANOOE  DATA  ON  CAPE  CANAVERAL  RECTIFIERS 


CAPE  CANAVERAL  REA0IIKS 
GATE  NO.  1 


Manufacturer:  Universal  -  8  Circuits 

Model:  ASP-CC 


Type: 

Serial  Malier: 

Priaary: 

Output: 


Constant  Current 
860791 

120  VAC,  10  Aaperes,  Single  Phase,  60  Hz,  45°C 
24  Volts/Circuit,  4  Aaperes/Circuit 


OPERATING  DATA  (8/29/89) 


Circuit  No. 

Volts 

Shunt 

IfflVdO  iBV  =  1  Affloeres) 

Amperes 

Calculated 

Amperes 

Meter 

1 

3.88 

24.08 

2.40 

2.5 

2 

3.95 

19.37 

1.94 

2.0 

3 

3.66 

7.44 

0,74 

0.7 

4 

3.82 

7.38 

0.74 

0.7 

5 

3.75 

7.36 

0.74 

0.7 

6 

3.44 

7.47 

0.75 

0.7 

7 

3.36 

7.35 

0,74 

0.7 

8 

3.75 

21.33 

2.13 

2.2 

H7 


CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  3 

Nmifacturw: 

Universal  •  8  Circuits 

Model: 

ASP-CC 

Type: 

Constant  Current 

Serial  Huiier: 

860789 

Priaary: 

120  VAC,  10  Amperes,  Sinole  Phase,  60  Hz,  45°C 

Output: 

24  Volts/Cireuit,  4  Amperes/Circuit 

OPERATING  DATA  <8/29/89) 


Circuit  No. 

Volts 

Shunt 

ImVdO  mV  «  1  Aiteeres) 

Amperes 

Calculated 

Amperes 

Neter 

1 

4.04 

25.22 

2.52 

2.5 

2 

3.94 

20.51 

2.05 

2.0 

3 

3.66 

7.58 

0.76 

0.7 

4 

3.62 

7.66 

0.77 

0.7 

5 

3.56 

7.68 

0.77 

0.7 

6 

3.47 

7.57 

0.76 

0.7 

7 

3.42 

7.54 

0.75 

0.7 

8 

4.02 

22.19 

2.22 

2.2 
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CAPC  CANAVERAL  RECTIFIERS 


GATE  MO.  2 


Nanufacturor:  Universal  -  8  Circuits 

Nodal:  ASR-CC 


Type: 

Serial  Hiaber: 

Priaary: 

Output: 


Constant  Current 
860790 

120  VAC,  10  Aaperes,  Single  Phase,  60  Hz,  45*0 
24  Volts/Circuit,  4  Anperes/Circuit 


OPERATING  DATA  (8/29/89) 


Circuit  No. 

Volts 

Shunt 

ImVdO  MV  z  1  Asceres) 

Aaperes 

Calculated 

Aaperes 

Meter 

1 

3.27 

17.57 

1.76 

1.7 

2 

3.19 

12.54 

1.25 

1.2 

3 

2.91 

3.42 

0.34 

0.3 

4 

2.92 

3.36 

0.34 

0.3 

5 

3.60 

5.57 

0.56 

0.5 

6 

3. OS 

5.47 

0.55 

0.5 

7 

2.92 

5. a 

0.54 

0.5 

8 

3.20 

16.64 

1.66 

1.6 
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CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  A 


Nmrfacturer:  Universal  ■  8  Circuits 


Model:  ASP-CC 


Type; 

Serial  Huifaer: 

Priaary; 

Output: 


Constant  Current 
860792 

120  VAC,  10  Aisperes,  Single  Phase,  60  Hz,  45°C 
24  Volts/Circuit,  4  Aaperes/Circuit 


OPERATING  DATA  (8/29/89) 


Circuit  No. 

Volts 

Shunt 

ImVdO  mV  *  1  Ajnoeres) 

Amperes 

Calculated 

Amperes 

Meter 

1 

3.31 

17.33 

1.73 

1.7 

2 

3.25 

12.64 

1.26 

1.2 

3 

3.19 

3.69 

0.37 

0.3 

4 

3.03 

3.53 

0.35 

0.3 

5 

3.24 

5.99 

0.60 

0.5 

6 

3.04 

5.86 

0.59 

0.5 

7 

2.91 

5.80 

0.58 

0.5 

8 

3.34 

16.59 

1.66 

1.6 

HIO 


APPENDIX  I:  Potential  Survey  Data  for  Cape  Canaveral,  1991  Data 


II 


CAPE  CANAVERAL  READINGS 
(2/25/91) 


GATE  NO.  1 


A 


B 


C 


DEPTH 

OFF 

lOP 

Bottom 

1.034 

1.000 

1.020 

1.021 

5' 

1.045 

1.011 

1.027 

1.033 

10' 

1.052 

1.021 

1.034 

1.045 

15' 

1.058 

1.023 

1.038 

1.045 

Top 

1.052 

1.024 

1.038 

1.044 

D 


DEPTH 

ON 

OFF 

lOP 

ON 

Bottom 

1.053 

1.039 

1.050 

1.047 

5' 

1.053 

1.039 

1.050 

1.046 

10' 

1.050 

1.034 

1.045 

1.049 

15' 

1.048 

1.042 

1.047 

1.054 

Top 

1.059 

1.042 

1.054 

1.055 

G 


DEPTH 

ON 

OFF 

TOP 

ON 

Bottom 

1.055 

1.034 

1.047 

1.059 

5' 

1.055 

1.033 

1.048 

1.058 

10' 

1.054 

1.032 

1.047 

1.058 

15' 

1.055 

1.033 

1.048 

1.058 

Top 

1.055 

1.033 

1.048 

1.056 

OFF 

TOP 

OFF 

lOP 

0.984 

1.004 

1.029 

0.983 

1.013 

0.995 

1.010 

1.038 

0.984 

1.019 

0.998 

1.014 

1.042 

0.987 

1.020 

1.006 

1.021 

1.052 

0.994 

1.027 

1.009 

1.027 

1.053 

1.005 

1.028 

E 

F 

OFF 

lop 

ON 

OFF 

TOP 

1.026 

1.039 

1.044 

1.022 

1.038 

1.026 

1.042 

1.053 

1.028 

1.044 

1.030 

1.044 

1.054 

1.028 

1.044 

1.033 

1.050 

1.059 

1.033 

1.050 

1.034 

1.050 

1.057 

1.034 

1.050 

H 

I 

OFF 

TOP 

ON 

OFF 

TOP 

1.041 

1.056 

1.056 

1.038 

1.050 

1.041 

1.056 

1.057 

1.037 

1.050 

1.041 

1.056 

1.057 

1.037 

1.050 

1.041 

1.054 

1.057 

1.036 

1.050 

1.032 

1.044 

1.056 

1.037 

1.050 
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CAPE  CANAVERAL  READINGS 
(2/25/91) 


GATE  NO.  3 


A 


B 


C 


DEPTH 

ON 

OFF 

lOP 

ON 

Bottom 

1.040 

1.015 

1.032 

1.020 

5' 

1.049 

1.016 

1.033 

1.043 

10' 

1.044 

1.018 

1.034 

1.039 

15' 

1.050 

1.018 

1.035 

1.042 

Top 

1.044 

1.019 

1.034 

1.043 

D 


DEPTH 

OFF 

lOP 

ON 

Bottom 

1.057 

1.046 

1.056 

1.072 

5' 

1.058 

1.045 

1.056 

1.075 

10' 

1.060 

1.048 

1.057 

1.077 

15' 

1.061 

1.049 

1.060 

1.079 

Top 

1.062 

1.050 

1.060 

1.078 

G 


DEPTH 

ON 

OFF 

JOP 

ON 

Bottom 

1.068 

1.055 

1.067 

1.067 

5' 

1.068 

1.054 

1.067 

1.067 

10' 

1.068 

1.054 

1.066 

1.067 

15' 

1.068 

1.054 

1.066 

1.067 

Top 

1.066 

1.054 

1.065 

1.067 

OFF 

I  OP 

ON 

OFF 

lOP 

0.995 

1.013 

1.029 

0.989 

1.022 

1.000 

1.026 

1.031 

0.989 

1.022 

1.004 

1.028 

1.035 

0.992 

1.026 

1.010 

1.032 

1.047 

0.997 

1.028 

1.011 

1.032 

1.049 

0.999 

1.031 

E 

F 

OFF 

lOP 

ON 

OFF 

lOP 

1.058 

1.067 

1.073 

1.054 

1.068 

1.061 

1.070 

1.073 

1.054 

1.067 

1.063 

1.072 

1.076 

1.055 

1.068 

1.065 

1.074 

1.075 

1.055 

1.068 

1.063 

1.075 

1.073 

1.054 

1.068 

H 

I 

OFF 

lOP 

ON 

OFF 

lOP 

1.050 

1.062 

1.064 

1.051 

1.042 

1.050 

1.062 

1.064 

1.032 

1.043 

1.049 

1.062 

1.064 

1.050 

1.062 

1.050 

1.062 

1.065 

1.051 

1.062 

1.049 

1.062 

1.063 

1.050 

1.060 
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CAPE  CANAVERAL  READINGS 
(2/25/91) 

GATE  NO.  2 


Bottom 

5' 

10' 

15' 

Too 


1.057  1.032  1.045 

1.051.032  1.045 
1.058  1.031  1.046 

1.058  1.031  1.047 

1.057  1.032  1.047 


1.063  1.040  1.057 

1.063  1.043  1.057 

1.063  1.042  1.057 

1.063  1.043  1.057 

1.063  1.046  1.058 


1.053  1.035  1.048 

1.052  1.033  1.047 

1.054  1.034  1.048 

1.054  1.033  1.048 

1.053  1.033  1.048 


CAPE  CANAVERAL  READINGS 
(2/25/91) 

GATE  NO.  4 


DEPTH 

QM 

OFF 

lop 

ON 

OFF 

TOP 

OFF 

lOP 

Bottom 

5' 

10' 

15' 

Top 

1.066 

1.070 

1.071 

1.077 

1.067 

1.031 

1.032 

1.035 

1.034 

1.033 

1.050 

1.050 

1.050 

1.050 

1.048 

1.073 

1.081 

1.080 

1.091 

1.079 

1.031 

1.032 

1.033 

1.034 

1.034 

1.047 

1.049 

1.050 

1.050 

1.048 

1.092 

1.091 

1.094 

1.100 

1.094 

1.026 

1.026 

1.031 

1.032 

1.032 

1.057 

1.054 

1.056 

1.057 

1.057 

D 

E 

F 

B£gTN 

OH 

OFF 

lOP 

ON 

OFF 

lOP 

OH 

OFF 

lOP 

Bottom 

5' 

10' 

15' 

Top 

1.060 

1.059 

1.060 

1.060 

1.060 

1.043 

1.043 

1.043 

1.043 

1.043 

1.056 

1.056 

1.056 

1.056 

1.056 

1.065 

1.066 

1.067 

1.069 

1.069 

1.041 

1.041 

1.042 

1.042 

1.043 

1.056 

1.056 

1.056 

1.058 

1.059 

1.065 

1.067 

1.071 

1.071 

1.070 

1.041 

1.041 

1.044 

1.045 

1.044 

1.045 

1.046 

1.047 

1.048 

1.047 

G 

H 

I 

depth 

OH 

OFF 

I2£ 

OH 

OFF 

lOP 

ON 

OFF 

I  OP 

Bottom 

5' 

10' 

15' 

Top 

1.071 

1.070 

1.071 

1.070 

1.070 

1.043 

1.043 

1.044 

1.044 

1.045 

1.057 

1.057 

1.057 

1.058 

1.057 

1.059 

1.060 

1.061 

1.061 

1.060 

1.042 

1.043 

1.042 

1.043 

1.043 

1.056 

1.056 

1.056 

1.056 

1.056 

1.063 

1.063 

1.063 

1.063 

1.062 

1.044 

1.045 

1.046 

1.046 

1.044 

1.057 

1.058 

1.059 

1.060 

1.059 
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CAPE  CANAVERAL  RECTIFIERS 
GATE  NO.  I 

Manufacturer:  Universal  -  8  Circuits 

Model:  ASP-CC 

Type :  Constant  Current 

Serial  Number:  860791 

Primary:  120  VAC,  10  Amperes,  Single  Phase,  60  Hz,  AS^C 

Output:  24  Volts/ Circuit,  4  Amperes/ Circuit 

OPERATING  DATA  (2/25/91) 


Circuit  ] 

Nfo> 

Volts* 

Amperes 

Meter 

1 

3.3 

1.5 

2 

3.2 

1.2 

3 

2.9 

0.42 

4 

2.9 

0.42 

5 

2.9 

0.42 

6 

2.9 

0.42 

7 

2.9 

0.42 

8 

3.3 

1.32 

*  Approximate.  Voltage  changes  with  water  resistivity/ temperatxire 
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CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  Ill 

Universal  -  8  Circuits 

ASP-CC 

Constant  Current 
860789 

120  VAC,  10  Amperes,  Single  Phase,  60  Hz,  45®C 
24  Volts/Circuit,  4  Amperes/ Circuit 

OPERATING  DATA  (2/25/91) 


Circuit  No. 

Volts* 

Amperes 

Motor 

1 

2.6 

0.6 

2 

3.0 

0.6 

3 

2.5 

0.03 

4 

2.5 

0.50 

5 

2.1 

0.42 

6 

2.1 

0.42 

7 

2.0 

0.42 

8 

2.4 

1.32 

*  Approximate.  Voltage  changes  with  water  resistivity/temperature 


Manufacturer: 

Model ; 

Type: 

Serial  Number: 
Primary: 

Output : 


I'8 


CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  II 

Universal  “  8  Circuits 
ASP-CC 

Constant  Current 
860790 

120  VAC,  10  Amperes,  Single  Phase,  60  Hz,  45‘’.C 
24  Volts/Circuit,  4  Amperes/Circuit 


OPERATING 

DATA  (2/25/91) 

Circuit  No. 

Volts* 

Amperes 

1 

3.1 

1.00 

2 

3.0 

0.72 

3 

2.5 

0.18 

4 

2.5 

0.18 

5 

2.9 

0.30 

6 

2.9 

0.30 

7 

2.9 

0.30 

8 

3.1 

0.96 

*  Approximate.  Voltage  changes  with  water  resistivity/ temperature 


Manufacturer; 

Model: 

Type: 

Serial  Number: 
Primary: 

Output : 
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CAPE  CANAVERAL  RECTIFIERS 
GATE  NO.  IV 


Manufacturer: 

Universal  -  8  Circuits 

Model: 

ASP-CC 

Type: 

Constant  Current 

Serial  Number: 

860792 

Primary: 

120  VAC,  10  Amperes,  Single  Phase, 

Output : 

24  Volts/Circuit,  4  Amperes/Circuit 

OPERATING 

DATA  (2/25/91) 

Circuit  No. 

Volts* 

Amperes 

Meter 

1 

3.1 

1.00 

2 

3.0 

0.72 

3 

2.5 

0.18 

4 

2.5 

0.18 

5 

3.0 

0.30 

6 

3.0 

0.30 

7 

3.0 

0.30 

8 

3.1 

0.96 

60  Hz, 


45®C 


*  Approximate . 


Voltage  changes  with  water  resistivity/temperature 


APPENDIX  J:  Potential  Survey  Data  for  Cape  Canaveral 

(After  Rectifier  Adjustment  to  Lower  Current),  1991 
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CAPE  CANAVERAL  READINGS 
(6/13/91) 


GATE  NO 

.  1 

A 

DEPTH 

ON 

OFF 

lOP 

ON 

Bottom 

Middle 

Top 

0.912 

0.925 

0.924 

0.896 

0.909 

0.911 

0.907 

0.921 

0.921 

0.911 

0.923 

0.924 

D 


DEPTH 

ON 

OFF 

lOP 

ON 

Bottom 

0.925 

0.918 

0.926 

0.920 

Middle 

0.927 

0.920 

0.927 

0.926 

Top 

0.926 

0.920 

0.927 

0.927 

G 


DEPTH 

OFF 

lop 

ON 

Bottom 

Middle 

Top 

0.925 

0.925 

0.924 

0.913 

0.912 

0.912 

0.921 

0.921 

0.921 

0.927 

0.927 

0.924 

B 

C 

OFF 

lOP 

ON 

OFF 

lOP 

0.894 

0.903 

0.904 

0.906 

0.915 

0.915 

0.913 

0.925 

0.926 

0.890 

0.896 

0.897 

0.909 

0.916 

0.918 

E 

F 

OFF 

TOP 

ON 

OFF 

IQP 

0.908 

0.913 

0.915 

0.916 

0.922 

0.925 

0.914 

0.922 

0.921 

0.904 

0.909 

0.910 

0.910 

0.919 

0.919 

H 

I 

OFF 

lOP 

ON 

OFF 

lOP 

0.919 

0.918 

0.918 

0.927 

0.927 

0.922 

0.924 

0.924 

0.922 

0.916 

0.917 

0.915 

0.924 

0.922 

0.921 

J2 


CAPE  CANAVERAL  READINGS 
(6/13/91) 


GATE  NO.  3 


ABC 


DEPTH 

ON 

OFF 

lOP 

ON 

OFF 

lop 

ON 

OFF 

lOP 

Bottom 

Middle 

Top 

0.901 

0.924 

0.924 

0.890 

0.909 

0.908 

0.897 

0.918 

0.917 

0.863 

0.913 

0.915 

0.843 

0.890 

0.893 

0.846 

0.903 

0.907 

0.913 

0.925 

0.926 

0.889 

0.896 

0.897 

0.909 

0.916 

0.918 

D 

E 

F 

DEPTH 

•ON 

OFF 

lOP 

ON 

OFF 

lOP 

ON 

OFF 

lOP 

Bottom 

Middle 

Top 

0.923 

0.936 

0.925 

0.917 

0.919 

0.919 

0.921 

0.922 

0.921 

0.914 

0.925 

0.926 

0.924 

0.923 

0.925 

0.909 

0.921 

0.921 

0.917 

0.924 

0.923 

0.906 

0.912 

0.919 

0.911 

0.918 

0.919 

G 

H 

I 

DEPTH 

ON 

OFF 

lOP 

ON 

OFF 

lOP 

ON 

OFF 

lOP 

Bottom 

Middle 

Top 

0.930 

0.930 

0.930 

0.919 

0.920 

0.920 

0.927 

0.927 

0.927 

0.932 

0.931 

0.928 

0.926 

0.923 

0.922 

0.930 

0.927 

0.925 

0.928 

0.928 

0.923 

0.923 

0.920 

0.917 

0.926 

0.924 

0.920 
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CAPE  CANAVERAL  READINGS 
(6/14/91) 


GATE  NO.  2 


A  B 


DEPTH 

ON 

OFF 

lOP 

ON 

OFF 

lOP 

ON 

OFF 

TOP 

Bottom 

Middle 

Top 

0.937 

0.953 

0.958 

0.924 

0.944 

0.945 

0.933 

0.951 

0.953 

0.936 

0.952 

0.953 

0.908 

0.934 

0.934 

0.920 

0.940 

0.940 

0.945 

0.956 

0.957 

0.936 

0.934 

0.935 

0.938 

0.945 

0.950 

D 

E 

F 

DEPTH 

ON 

OFF 

lOP 

OFF 

lOP 

OFF 

TOP 

Bottom 

Middle 

Top 

0.965 

0.968 

0.969 

0.956 

0.958 

0.959 

0.962 

0.967 

0.968 

0.977 

0.975 

0.973 

0.959 

0.961 

0.960 

0.974 

0.969 

0.968 

0.968 

0.970 

0.970 

0.956 

0.959 

0.960 

0.963 

0.966 

0.968 

G 

H 

I 

DEPTH 

ON 

OFF 

IQS. 

ON 

OFF 

lOP 

ON 

OFF 

I  OP 

Bottom 

Middle 

Top 

0.971 

0.972 

0.971 

0.960 

0.960 

0.959 

0.968 

0.968 

0.968 

0.973 

0.972 

0.970 

0.963 

0.964 

0.963 

0.969 

0.969 

0.968 

0.968 

0.971 

0.971 

0.962 

0.964 

0.963 

0.968 

0.969 

0.969 
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CAFE  CANAVERAL  READINGS 
(6/14/91) 

GATE  NO.  4 


ABC 


DEPTH 

m 

OFF 

lOP 

ON 

OFF 

lOP 

ON 

OFF 

I  OP 

Bottom 

Middle 

Top 

0.965 

0.970 

0.968 

0.953 

0.957 

0.956 

0.961 

0.963 

0.962 

0.969 

0.972 

0.972 

0.955 

0.958 

0.958 

0.963 

0.964 

0.965 

0.945 

0.956 

0.957 

0.926 

0.934 

0.935 

0.938 

0.945 

0.950 

D 

E 

F 

DEPTH 

m 

OFF 

lop 

ON 

OFF 

lOP 

ON 

OFF 

lOP 

Bottom 

Middle 

Top 

0.977 

0.980 

0.979 

0.966 

0.968 

0.968 

0.974 

0.977 

0.976 

0.978 

0.981 

0.981 

0.966 

0.969 

0.969 

0.975 

0.978 

0.979 

0.968 

0.968 

0.969 

0.959 

0.959 

0.960 

0.967 

0.966 

0.967 

G 

H 

I 

DEPTH 

m 

OFF 

lOP 

m 

OFF 

TOP 

ON 

OFF 

lOP 

Bottom 

Middle 

Top 

0.978 

0.978 

0.978 

0.967 

0.967 

0.969 

0.974 

0.975 

0.975 

0.976 

0.975 

0.974 

0.970 

0.968 

0.967 

0.974 

0.974 

0.973 

0.972 

0.972 

0.971 

0.965 

0.965 

0.965 

0.971 

0.971 

0.971 
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CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  I 

Universal  -  8  Circuits 

ASP-CC 

Constant  Current 
860791 

120  VAC,  10  Amperes,  Single  Phase,  60  Hz,  45®C 
24  Volts/Circuit,  4  Amperes/ Circuit 

OPERATING  DATA  (6/14/91) 


Circuit  No. 

Amperes 

1 

2.4 

0.5 

2 

2.5 

0.5 

3 

2.5 

0.2 

4 

2.8 

0.2 

5 

2.6 

0.3 

6 

2.3 

0.3 

7 

2.3 

0.3 

8 

2.5 

0.5 

*  Approximate.  Voltage  changes  with  water  resistivity/temperature 


Manufacturer: 

Model : 

Type: 

Serial  Number: 
Primary: 

Output : 
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CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  Ill 

Universal  -  8  Circuits 
ASP-CC 

Constant  Current 
860789 

120  VAC,  10  Amperes,  Single  Phase,  60  Hz,  45“C 
24  Volts/Circuit,  4  Amperes/Circuit 

OPERATING  DATA  (6/14/91) 


Circuit  No. 

Volts* 

Amperes 

Meter 

1 

2.5 

0.5 

2 

2.5 

0.5 

3 

2.5 

0.2 

4 

2.5 

0.2 

5 

2.5 

0.3 

6 

2.5 

0.3 

7 

2.5 

0.3 

8 

2.5 

0.5 

Manufacturer: 
Model : 

Type: 

Serial  Number: 
Primary: 

Output : 


* 


Approximate.  Voltage  changes  with  water  resistivity/temperature 


CAPE  CANAVERAL  RECTIFIERS 
GATE  NO.  II 


Manufacturer : 
Model: 

Type: 

Serial  Number: 
Primary: 

Output : 


Universal  -  8  Circuits 
ASP-CC 

Constant  Current 
860790 

120  VAC,  10  Amperes,  Single  Phase,  60  Hz, 
24  Volts/Circuit,  4  Amperes/ Circuit 


45»C 


OPERATING  DATA  (6/14/91) 


Circuit  No. 

Volts* 

Amperes 

Meter 

1 

2.3 

0.3 

2 

2.3 

0.3 

3 

2.4 

0.2 

4 

2.3 

0.2 

5 

2.5 

0.2 

6 

2.3 

0.2 

7 

2.3 

0.2 

8 

2.4 

0.3 

*  Approximate.  Voltage  changes  with  water  resistivity /temperature 
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CAPE  CANAVERAL  RECTIFIERS 


GATE  NO.  IV 

Universal  -  8  Circuits 
ASP-CC 

Constant  Current 
860792 

120  VAC,  10  Amperes,  Single  Phase,  60  Hz,  45“C 
.24  Volts/Circuit,  4  Amperes/ Circuit 

OPERATING  DATA  (6/14/91) 


Circuit  No_._ 

Volts* 

Amperes 

1 

2.5 

0.3 

2 

2.5 

0.3 

3 

2.5 

0.2 

4 

2.5 

0.2 

5 

2.5 

0.2 

6 

2.5 

0.2 

7 

2.5 

0.2 

8 

2.5 

0.3 

Manufacturer: 
Model ; 

Type: 

Serial  Number: 
Primary: 

Output : 


*  Approximate.  Voltage  changes  with  water  resistivity /temperature 
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APPENDIX  K:  Calculation  of  Cathodic  Protection  System  Circuit  Resistances,  Power 

Requirements,  and  Cost  of  Power  for  Various  Alternate  Anode  Types  and 
Configurations 
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Total  Power  Cost  over  20  Years  to  Protect  this  Portion  of  Slructure  I  $31  02 
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INPUT  VARIABLES  _  .  .  .  _  DSDGPMB.wkI 

itfucture  to  be  Protected  Sill  Plate  of  D.S.S./D.S.G.  Lock  &  Dam  Miter  Gate 

_ Anode  Type  Precious  Metal  Oxide  (Ceramic)  Coated  Titanium  Button 

Anode  Diameter  5  Inches 
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_ _ _ _ Total  KWH'a  per  Year  of  Operation _ 2, 60 

_ Total  Power  Coat/Year  to  Protect  this  Portion  o(  Structure  $01  a 

Total  Power  Cost  over  20  Yeara  to  Protect  this  Portion  of  Structure  $3.65 
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_  Total  KVyH's  per  Year  of  Operation  27.21 

_ Total  Power  Cost/Year  lo  Protect  Ihia  Portion  of  Structure  $1 ,90 

Total  Power  Cost  over  20  Years  to  Protect  this  Portion  of  Structure  S^09 
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_ _ _ _ Total  KWH'S  per  Year  of  Operation _ 

Total  Power  CostA'ear  to  Protect  this  Portion  of  Stfucture _ $  1 

Total  Power  Cost  over  20  Years  to  Protect  tt>l3  Portion  of  Structure  S21.42 
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INPUT  VARIABLES  _  „  Fllg:  USDGPMSS.wkl 

;tfuctufa  to  be  Pfotected  Chambers  of  U.S.S./D.S.G,  Lock  ^TOam  Miter  (?ata  * 

_ Anode  Type  Precious  Metal  Oxide  (Ceramic)  Coated  Titanium _ 

Anode  Diameter  0.125  Inches 
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INPUT  VARIABLES  _  File:  DSDGPMS5  wkl 

tfuctufe  to  be  Protacted  Chambers  of  D.S.S./D.S.G.  t.ock  &^Dam  Mller  date _ 

_ Anode  Type  Precious  Metal  Oxide  (Ceramic)  Coated  Titanium _ 

Anode  Diameter  0.125  Inches 
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INPUT  VARIABLES  _  Flle  USUGCISS  wkl 

tructure  to  be  Protected  Chambers  of  U.S.S./U.S.G.  Lock  A  Dam  Miter  Gate  ~~ 
_ Anode  Type  HI— Silicon  Chromium  Cast  Iron  Type  *G*  Segmented 
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_ Total  KWH'S  per  Year  ol  Operation  1,626,16 

_ Total  Power  CostA'ear  to  Protect  this  Portion  ot  Structure  $113  83 

Total  Power  Cost  over  20  Years  to  Protect  this  Portion  of  Structure  S2  276.62 
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APPENDIX  L:  Anode  Power  Consumption  Report 


LI 


Contract  #  DACA88-87-0004 


Anode  Power  Test  Study 


A  Comparison  of  the  HSCICB  K-6  Button  Anode 
and 

the  LSA-12-5-CC  Flat  Ceramic  Disk  Anode 
4  and  8  foot  Strip  Anodes  were  also  compared 


The  purpose  of  this  study  is  to  determine  the  power  consumption  required  for  various 
surfaced  mounted  impressed  current  anode  configurations.  The  anodes  tested  were  the  Duriron 
Model  K-6  High  Silicon  Cast  Iron  Chromium  Bearing  Button  Anode,  the  CerAnode  Technologies 
Models  LSA-12-5-CC  (Ceramic  Coated  Titanium  Flat  Disk  with  integral  shield),  Model  #CAS-4 
(4  Foot  Strip  Anode)  and  Model  #CAS-8  (8  Foot  Strip  Anode). 

A  12  X  12  foot  wooden  raft  with  a  steel  bottom  was  constructed  using  sheet  metal,  2x4’s 
and  four  55  gallon  barrels,  one  per  comer  to  keep  it  afloat.  The  55  gallon  barrels  were  painted 
and  were  electrically  isolated  from  the  steel  bottom  of  the  raft.  The  barrels  were  arranged  with 
levers  on  the  sides  of  the  raft  in  order  to  adjust  the  raft  depth  so  that  the  steel  surface  would  be 
8-12  inches  under  water.  Care  was  taken  in  the  construction  of  the  raft  to  keep  it  free  from  any 
galvanized  screws,  bolts  or  nuts.  The  steel  was  unaffected  by  any  galvanic  influences.  No 
metallic  paints  of  any  kind  were  used  in  the  construction  of  the  raft.  The  steel  bottom  of  the  raft 
was  painted  except  for  concentric  circular  5/8  inch  wide  stripes  every  six  inches  from  the  center. 
This  resulted  in  about  10%  of  the  steel  surface  being  uncoated.  A  small  section  in  the  middle  of 
the  raft  was  designed  so  that  it  could  be  taken  in  and  out  easily  in  order  to  install  different  anode 
shapes  for  the  test.  23  reference  cells  were  arranged  in  a  V-shape  from  the  center  out  to  two  of 
the  comers  of  the  raft  for  taking  ON  and  OPT  POTENTIAL  readings  at  various  distances  from 
the  anode.  These  were  arranged  so  that  every  other  one  was  close  to  a  bare  metal  concentric 
stripe  and  the  other  at  the  painted  portion  of  the  steel  surface. 

The  raft  was  located  on  the  lake  at  Hilltop  Resources  north  of  Fairborn,  Ohio.  It  was 
positioned  on  the  lake  approximately  75  feet  from  the  shore.  The  water  depth  at  that  point  was 
approximately  35  feet.  Cables  from  the  22  secondary  reference  cells,  the  primary  reference  cell, 
the  anode  and  the  cathode  were  routed  to  a  control  box  on  the  shore  where  the  appropriate 
terminal  strips  rheostat  and  battery  were  located.  The  water  resistivity  was  approximately  2(X)0 
ohm/centimeters  and  the  temperature  was  relatively  constant  (25  degrees  C  +!-  5,  usually  +!-  2). 
As  mentioned  above,  in  addition  to  the  22  secondary  reference  cells  located  on  the  raft,  a  primary 
permanent  reference  cell  (Harco  Model  IHRP  801)  was  located  at  a  far  comer  of  the  raft  and  all 
the  reference  cells  were  checked  in  relationship  to  that  cell  when  the  anode  power  was  off.  This 
allowed  normalization  of  the  data  of  the  different  reference  cells  positioned  on  the  raft.  The 
secondary  reference  cells  were  not  of  the  same  quality  as  the  primary  reference  cell  but 
comparative  testing  established  each  cells  integrity.  They  all  remained  tmstworthy.  Data  from 
cells  12  and  13  were  not  used  in  the  power  test  analysis  since  they  did  not  fit  properly. 
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DATA  PRESENTATION 


Figures  L-1  through  L-7  represent  the  basic  test  data  for  this  report.  Figures  L-1  and  L-3 
contain  a  summary  of  the  data  generated  for  the  LSA  Flat  Ceramic  Disk  Anode.  Figures  L-2,  L-4 
and  L-5  provide  data  for  the  Button  K-6  Anode,  and  Figures  L-6  and  L-7  for  the  4  and  8  foot 
Strip  Anodes  respectively.  ON  POTENTIAL,  OFE  POTENTIAL,  DECAY  POTENTIAL, 
POTENTIAL  SHIFT,  ANODE  VOLTAGE,  ANODE  CURRENT,  CIRCUIT  RESISTANCE  and 
POWER  is  given.  The  potential  data  was  recorded  from  each  of  the  reference  cells  positioned 
across  the  raft’s  steel  bottom.  The  anode  current  was  increased  until  a  potential  shift  of 
approximately  lOOmV  was  obtained  at  the  raft’s  comer  for  the  data  recorded  in  Figures  L-1  and 
L-2.  Larger  shifts  are  produced  in  Figures  L-3  through  L-7. 

As  would  be  expected,  both  the  ON  POTENTIALS  and  the  OFF  POTENTIALS  get  larger 
as  they  get  closer  to  the  anode  but  the  ON  POTENTIALS  to  a  much  greater  extreme.  The  OFF 
POTENTIAL  measurement  gets  larger  because  the  cathode  potential  is  tmly  more  negative  closer 
to  the  anode  but  the  ON  POTENTIAL  measurement  gets  larger  because  the  “IR”  measurement 
error  increases  close  to  the  anode.  This  shows  clearly  that  OFF  POTENTIAL  measurement,  or 
preferably  INSTANT  OFF  POTENTIAL  measurement,  as  opposed  to  ON  POTENTIAL 
measurement  is  most  important  when  surveying  locks  and  dams.  The  IR  errors  associated  with 
the  ON  POTENTIAL  measurement  distort  the  real  potential  measurement  considerably  as  you  get 
closer  to  the  anode. 

The  equipotential  data  as  observed  in  the  OFF  POTENTIAL  readings  and  the 
POTENTIAL  SHIFTS  are  quite  uniform  considering  the  anode  size,  the  raft  size  and  the  anode 
power.  On  the  other  hand,  the  raft  is  remote  and  isolated  from  other  current  sinks  giving  a  picture 
of  the  actual  power  required  to  protect  the  raft  surface. 

The  data  seems  to  indicate  that  the  potential  shift  achieved  on  the  surface  of  the  raft’s  steel 
bottom  does  not  just  relate  to  the  current  but  also  to  the  power.  In  other  words,  the  net  shift  is 
significantly  related  to  the  power  expended  through  the  anode  and  not  just  the  current  passing 
through  it  to  the  cathode.  Figure  L-1  shows  potential  shift  data  for  the  flat  disk  LSA  when 
powered  with  a  current  of  83mA  at  13  volts.  The  resultant  power  is  1.07  watts.  Figure  L-2 
shows  data  for  a  K-6  Button  anode  with  a  current  of  198mA  at  6.33  volts  resulting  in  a  power 
dissipation  of  1.25  watts.  Both  anodes  produce  essentially  the  same  amount  of  shift  for  the  same 
amount  of  power  even  though  the  currents  and  voltages  are  quite  different. 

Figures  L-3  and  L-4  give  data  for  the  LSA  and  the  K-6  at  higher  power  settings.  Since 
the  K-6  is  a  significantly  lower  resistance  anode,  due  to  its  geometry,  the  power  difference  begins 
to  show  up  at  a  higher  power  setting  but  it  is  not  dramatic.  3.5  watts  of  power  dissipated  through 
the  K-6  produces  a  slightly  higher  potential  shift  than  4.5  watts  of  power  through  the  LSA. 
Considering  the  difference  in  circuit  resistances  between  the  two  anodes  (140  ohms  verses  24 
ohms),  the  power  differences  (4.5  watts  verses  3.6  watts)  are  not  all  that  significant. 

When  the  K-6  is  compared  with  the  4  foot  strip  anode  in  Figures  L5  and  L6,  it  is  evident 
that  the  Strip  Anode  is  significantly  superior  in  that  it  produces  a  considerably  greater  potential 
shift  with  less  power.  In  this  case,  an  average  potential  shift  of  167mV  is  produced  with  4.4  watts 
of  power  using  the  K-6  Anode  and  an  average  potential  shift  of  235mV  is  produced  with  only  3.5 
watts  of  power  using  the  4  foot  Strip  Anode. 
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The  8  foot  Strip  Anode  data  is  even  more  dramatic  (Figure  L-7).  With  this  anode  only 
3.3  watts  of  power  produces  an  average  330  millivolts  shift  and  in  this  case  lowers  the  cathode 
potential  well  below  the  -0.85  criteria. 


CONCLUSION 

The  power  consumed  by  either  the  button  anode  or  the  flat  disk  anode  is  quite  small 
compared  to  the  power  usually  associated  with  cathodic  protection.  The  reason  for  this  is 
probably  because  the  anode  is  mounted  on  the  structure  and  is  therefore  very  close  to  the 
structure.  This  also  holds  true  for  the  strip  anodes.  Therefore,  the  amount  of  power  required  to 
protect  a  surface  using  any  of  the  surface  mounted  anode  styles  is  less  compared  to  anodes  that 
are  mounted  remote  from  the  structure.  This  becomes  evident  when  sites  using  these  anodes  are 
examined  in  terms  of  their  power  consumption.  Cordell  Hull,  for  example,  utilizes  only  39  watts 
to  protect  the  entire  gate  structure  which  is  44  x  45  feet  including  the  bare  metal  chains.  The  12 
gates  at  Palmetto  Bend  Dam  in  Texas,  each  gate  being  approximately  35  x  24  feet,  utilizes  only 
30  watts  of  power  to  protect  all  12  gates.  The  anodes  are  efficiently  providing  1/2  milliampere 
per  square  foot  of  surface  area  to  those  gates.  More  power  will  be  required  as  the  coating  ages. 
The  flat  ceramic  anode  disk  as  well  as  the  button  anode  is  designed  to  work  in  tandem  together 
with  other  anodes  of  the  same  type.  The  by-product  is  a  superior  current  distribution  over  the 
structure. 

Whenever  a  structure  requires  a  higher  current  for  protection  than  the  8  foot  strip  anode 
or  anodes  of  that  nature  should  be  chosen. 

Alternate  anode  designs  are  under  present  consideration  such  as  a  larger  LSA.  A  modified 
version  of  the  strip  anode  that  was  tested  has  already  been  built  and  will  soon  be  tested  and 
compared  to  the  above  results. 
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U.&  ARlyrf  C.E.R.I_  [^TTkllJE&^OT 
IMPRESSED  CURRENT  CATHODIC  PROTECTION  SYSTEM 
FOR  PIKE  tSLAI«J  UJCK  &IMM  Mn^ 

PREPA^^BYrCorrgr^^ngWjles^«C^^R1NCIRAl|ENGINEER^Jfflne^jBushmarK 


Uostream  Surface  of  Uostream  Gates  (Both  Leafs) 

1  Dwq.  Reference  { 

IFIiil 

■■■ 

HyiTn 

igjrnjpjjpj 

[■•nnn 

Quant 

■ggl 

■im 

Description 

■ 

8 

1 

Strings 

2"  O.D.  X 1 .5"  I.D.  X  9‘  Long,  Hi-Silkxxi  Chromium  Cast  Iron 

$519.29 

$4,154.32 

1-5 

1 

Anode  Strings  assembled  with  Nose  Cones  per  C.O.E,  Dwgs, 

1-7 

‘A-A" 

Detail  ”1"  on  Sheet  1  -5, 7  Segments/String,  Segments  located  4’6' 
Center  to  Center  (Note:  Approx  C-C  Spacing  is  approximate 
only,  assemble  to  center  one  segment  each  within  chambers  at  or 
below  Upper  Pool  Elevation)  assembled  on  #8  AWG,  Stranded 
Copper  Cable  with  Type  RHH/RHW/USE  Hypalon  Insulation  with 

40’  Lead  on  one  end. 

1-1 

■B-B 

32 

2 

Assemblies 

6“  Dia  X  3"  Deep  Type  ■A"  Hi-Silcon  Chromium  Cast  Iron  Button 

$301.98 

$9,663.36 

1-5  & 

D 

Anode  factory  assembled  per  C.O.E.  Drawing,  Detail  'D'  on  Sheet 

1  -5  (also  I-5A),  with  60'  of  #8  AWG,  Stranded  Copper  Cable  with 
Type  RHH/RHW/USE  Hypalon  Insulation  connected  to  Back  of 
Anode  -  Connection  sealed  with  factory  sealing  compound  and  2 

I-5B 

D 

1 

i 

Plastic  Compression  Washers. 

i 

HSCCI  Button  Anode  Mounting  Components: 

j 

32 

3 

Each 

3/4"  X  3-1/2"  Long  Hex  Head  Steel  Bolt  complete  with  Nut  and  2 
-  1  -1/2 "  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  "T"  shaped 
3/1 6"  Dia.  Epoxy  Filling  Port.  Anode  side  Washer  to  have  4  -  1/8" 

X 1/16“  Slots  on  one  face  only  spaced  90  degrees  apart  Unit  price 
includes  Items  No.  3,  4,  5,  &  7  • 

$55.00 

$1,760.00 

I-5B 

A  ! 

; 

! 

32 

4 

Each 

3/4“  I.D.  X  3“  Long  Flanged  Nylon  Insulating  Sleeve 

* 

1-5B 

A  1 

32 

5 

Each 

Anode  mounting  hole  Plastic  Plug 

* 

I-5B 

A 

32 

6 

Each 

Type  "CGB"  Pressure  Insulating  3/4"  Threaded  Connector  suitable 
for  #8  AWG  Insulated  Wire  specified  above. 

$5.16 

$165.12 

I-5B 

A 

32 

7 

Each 

1/8"  Thick  X  1“  I.D.  X  8"  O.D.  Neoprene  Anode  Insulating  Gasket 
complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

W 

I-5B 

A 

i 

32 

8 

Each 

Button  Anode  Cabling  Protection  Assembly  consisting  of  8"  Dia.  x 
Approx  8“  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2"  thread-o-let  welded  to  one  side  for 
conduit  entrance. 

$77.00 

$2,464.00 

I-5B 

K  1 

1 

i 

String  Anode  Metallic  Protection  and  Support  Components 

1 

4 

9 

Each 

3-1/2"  X  3-1/2"  X  3/8"  Angle  Iron,  10' Long- 

$37.01 

$148.04 

1-7 

K 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

1-6 

L 

Anodes  1S2  &  2S2  only  on  both  ^tes. 

1-1 

Notes  2&4  1 

4 

10 

Each 

6"  Wide  X2-1/8"  Deep  x  5/16"  Thick  Steel  "U"  Channel,  16'  Long  - 

$297.06 

$1,188.24 

1-6 

R,Q.  : 

To  be  installed  in  front  ofj^odes  1S2&  2S2  only  on  both  gates 

1-1 

Note  1 

56 

11 

Each 

4"  Long  Steel  Pipe  "Collars"  -  Cut  from  Std.  4"  Dia  (4-1/2"  O.D.) 

$8.80 

$492.80 

1-6 

1 

LQ  ; 

Steel  Pipe 

1-7 

K  i 

1 

8 

12 

Each 

5"  Long  Steel  Pipe  "/Vnchorages"  -  Cut  from  Std.  2-1/2"  Dia 
(2-7/8"  O.D.)  Steel  Pipe. 

$36.23 

$289.84 

1-6 

N 

8 

13 

Each 

5/1 6"  X  4" /Anchorage  Bolt  with  1  Washer  and  5/15"  I.D.  Ring 

Tounge  T&B"  Connector  with  9"  of  #8  AWG  Strand  Copper 
Insulated  Grounding  Cable  attached.  Also  Include  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

$9.23 

$73.84 

1-6 

N 

8 

14 

Each 

Pints  "Epoxy*  for  filling  Anchorage  and  Bolt  Caps 

$11.50 

$92.00 

1-6 

N 

M2 


—  U.S.  ARMYC.E.R.L.  DETAILED  COST  ESTIMATE 

IMPRESSED  GURFENT  CATHODIG  PROTECTION  SYSTEM 
FOR  PIKE  ISIAFO  LOOC  A  DAM  MITER  GATES 
ppppggpv  BYr  CorttHo  C<CTpan!iw.  ltK^:  :  PRINCIPAL  ENGINEER:  James  B.  Bushman 


UDStream  Surface  of  Uostream  Gates  (Both  Leafs) 

Dwq.  B 

eference 

■IFTiilimil^M 

la:<(=iii»:=i«l 

Quant 

DescriDtkxi 

String  Anooe  Parforated  Plastic  Pipe  Protactors 

8 

1 5 1  Each 

3"  DIa.  X  30’  Long  Schedule  80  PVC  Pipe  perforated  with  1  -1/2*  DIa 

$197.00 

$1,576.00 

1-7 

K 

Holes  on  2*  Centers  on  1 80  Degrees  of  Pipe  Surface.  See  Detail 

1-9 

X 

; 

Sheets. 

1-6 

UM 

56 

171  Each 

20*  Long  x  3*  Dia.  Schedule  80  PVC  *non- perforated*  Pipe  for 
penetrations  thru  girders. 

$4.60 

$257.60 

8 

1 8  Each 

i 

3-1/2*  Schedule  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
temnination  of  3*  Perforated  Pipe  run. 

$15.30 

$122.40 

1-6 

L 

112 

1 9 !  Each 

Schedule  80  PVC  Pipe  Coupling  complete  with  solvent  welding 

$12.50 

$1,400.00 

1-6 

L 

i 

adhesive 

1-7 

K 

Miscellaneous  Hardware 

8 

20 1  Each 

Jostyn  Cat  No.  J-1944  Clevis  with  Insulator  No.  J-99  for 
suspending  string  anodes. 

$4.50 

$36.00 

1-5 

F 

8 

21 !  Each 

3*  X  3*  X  3*  Long  Angle  Iron  Brackets  for  clevis  string  anode 
support 

$3.86 

$30.88 

1-5 

F 

1 

1 

22!  Lot 

Conduit  Condulets,  Watertight  Conduit  Girder  Pentration  Fittings, 
■U*  Bolt  Conduit  Clamps,  etc. 

$1,000.00 

$1,000.00 

1 

22 !  Each 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings,  Hoffman  Type  4X  Fiberglass  Case  with  S.S.  fittings.  Cat 

$929.00 

$929.00 

I-8A 

No.  A-30H2410GQLF1P. 

1 

23  Each 

Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 

$2,361.00 

$2,361.00 

1-6 

capacity  per  Circuit  of  1 0  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circuit  in  ‘Ice 
Cream  Cart*  Hot  Dip  Gatvanized  Case.  (NOTE;  The  rectifier 
will  actually  feed  both  the  upstream  and  downstream  surfaces  of 

1-7 

' 

one  leaf  only.  There  will  be  a  total  of  four  (4)  rectifiers  for  all 
four  (4)  gate  leaves.) 

1 

241  Lot 

Contigoncy  for  Freight  Breakage,  Spares,  Lost  Components,  etc. 

15.0% 

$4,230.67 

2,435.11  TOT.  MAT'LS.  COST  ESTIMATE 


U  S.  ARMY  CiE-B-t.  DETAILED  COST  ESniyIATE 
IMPRESSED  CURRENT  CATHODte  PROTECTION  SYSTEM 
FOR  PIKE  laANO  LOCK  A  DAM  I0TBI  SATES 
PREPARED  BY:  Conpro Compania*.  Inc.  TOUaPAL EWGIWglt>tam^Sji^jn^ 


1  Upstraain  Surface  of  Upstream  Oates  (Both  Leafs) 

■■■ 

■■■ 

KS 

Unt 

Description 

F«r«nwi 

mn-Wt. 

EMICfeM 

Uan-ft^ 

Ubcnr 

ffrlafiH 

Sheet 

No. 

Detail 

Nos. 

8 

1 

Strings 

HSCCt  Anode  Aaaambltes: 

2"  O.D.  X  1.5"  I.D.  X  9"  Long,  Hi -Silicon  Chromium  Cast  Iron 

Anode  Strings  assembled  wHh  Nose  Cktnes  per  C.O.E.  Dwgs, 
Detail  T  on  Sheet  1  -5, 7  Segmenti/String,  Segments  localed  4’6’ 

Canter  to  Center  (Note:  Approx.  C-C  Spacing  is  approximate 
only,  assemble  to  center  orte  segment  each  within  chambers  at  or 
balm  Upper  Pool  Elevation)  assembled  on  #8  AWQ,  Stranded 
Copper  Cable  with  Type  RHH/RHWAJSE  Hypalon  Insulation  with 
40'  Lead  on  one  end. 

8.0 

24.0 

18.0 

16.0 

1-5 

1-7 

1-1 

1 

•A -A' 

32 

2 

Assembtiea 

6"  Dia.  X  a"  Deep  Type  “A’  Hl-Siloon  Chromium  Cast  Iron  Button 
A/KKie  factory  assembled  per  C.O.E.  Orawmg,  OetaH  'O’  on  Sheet 
1-5  (alsol-5A).  with  60'  o(  #8  AWQ,  Stranded  Copper  Cable  witf 
Type  RHH/RHWAiSE  Hypalon  Insutation  cor>r>acttd  to  Back  of 
ArxKle  -  Connection  sealed  with  factory  sealing  compound  and  2 
IrKludas  Items  No.  2,  3,  4, 5.  6,  7  &  8  ** 

32.0 

96.0 

64.0 

64.0 

I-5& 

I-5B 

D 

D 

32 

3 

Each 

HSCCt  Button  Anode  Mounting  Componeraa: 

3/4' X  3-1/2*  Long  Hex  Head  Steel  Bott  complete  with  Nut  and  2 
-  1  -1/2 '  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  'T*  shapec 
3/16'  Dia.  Epoxy  Riling  Port.  Anode  aide  Washer  to  have  4  -  I/S' 
X  ^/^6‘  Slots  on  one  face  only  spaced  90  degrees  apart. 

*• 

*« 

I-5B 

A 

32 

4 

Each 

3/4'  I.D.  X  3“  Long  Flanged  Nylon  Insulating  Sleeve 

** 

•* 

•* 

•* 

1-5B 

A 

32 

5 

Each 

Anode  mounting  hole  Plastic  Plug 

** 

*• 

** 

** 

T-5B 

A 

32 

6 

Each 

Typ«  "CGB"  Pressure  insulating  3/4* Threaded  Conr>ectof  suitable 
for  #8  AWG  Insiiated  Wire  specfied  above. 

•  • 

** 

•  • 

** 

I-5B 

A 

32 

7 

Each 

1/8'Thiokx  1'  I.D.  X  S'  O.D.  Neoprene  Arrode  IrwulaPng  Qaskst 
complete  with  sufficient  Epoxy  Cernem  to  adhere  gasket  to  steel 
plate  and  anode 

•  • 

•* 

I-5B 

A 

32 

a 

Each 

Button  /Vnode  Cabling  Protection  Assembly  corrsisting  of  8'  Dia.  x 
Approx,  er  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2“  thread-o-let  welded  to  one  side  for 
condut  entrance. 

•« 

•* 

•  * 

I-5B 

K 

4 

9 

Each 

String  Anode  Maiaiic  ProSection  and  Support  Component 

3-1/2'x3-1/2"x3/8' Angle  Iron,  10'  Long  - 

To  be  inataliad  bahind  p^rtontad  plastic  pips  protectors  for 

Artodee  1S2  i  2S2  only  on  both  parse. 

Includes  Items  No.  9,  10, 1 1 , 12. 13  i  14  *** 

4.0 

12.0 

8.0 

8.0 

1-7 

1-6 

1-1 

K 

L 

NQtM2A4 

4 

10 

Each 

6*  Wid«x  2-1/8"  Deep  X  5/16*  Thick  Steel  "U*  Channel.  16’  Long  - 
To  be  instaJM  in  front  ofAnodee  1S2  &  2S2  onfy  on  both 

•  ** 

**• 

1-6 

1-1 

R.Q. 
Note  1 

56 

11 

Each 

4'  Long  Steel  Pipe  'Collata'  -  Cut  from  Std.  4'  Dia.  (4-1/2"  O.D.) 
Steel  Pipe 

**• 

•  •• 

*** 

1-6 

1-7 

L,Q 

K 

8 

12 

Each 

5'  Long  Steel  Pipe  “ArKhorages'  -  Cut  from  Std.  2-1/2"  Dia. 
(2-7/8"  O.D.)  Steel  Pipe. 

*** 

*** 

*** 

1-6 

N 

8 

13 

Each 

S/IS"  X  4"  Anchorage  Bo#  with  1  Washer  and  5/15”  I.D.  Ring 
lounge  T&B"  Connectorwith  9"  of  #8  AWQ  Strand  Copper 
Insulated  Groundrig  Cable  attached.  Also  inctide  2  Plastic  Caps 
for  covering  Bo#  Head  and  Nut 

*** 

*** 

**• 

*** 

i-6 

N 

8 

14 

Each 

Pints  "Epoxy"  for  filling  Anchorage  and  Bolt  Caps 

*** 

... 

1-6 

N 

M4 


— -  U.S-ARIHV  CiEHiti  OEIAltED  COST  ESTIMATE 

IMPRESSED  CURRSIT  CATHODIC  PROTECTION  SYSTEM 

:  B>R:  P!KE:iSIAjro^«)C«: ADA«:IOTe»:QATES;  v . .  . : .  ^  \ 

PREPARED  BY:  ;  PRIHaPAl.  EfWQtWEER:  Janw  Biatunan 


3*  Dia  X  30'  Long  Schadula  80  PVC  Pipe  peftofatod  with 
1  - 1/2-  Dia.  Holes  on  2"  Contefs  on  180  Degrees  at  Pipe  Surface. 
See  Detail  Sheets.  Includes  Iterra  No.  15. 16. 17  i  18  **** 

20*  Long  x  3“  Dia.  Schedule  80  PVC  ■non-perterated"  Pipe  (or 
penetrations  thru  girdera. 

O-WScheduleaOPVC  Plastic  Pipe  Adapter  for  use  at  upper 
termination  of  3*  Perforated  Pipe  run. 

Schedule  80  PVC  Pipe  Coupling  complete  with  solvent  weldhQ 
adhesive 

Uiacallaiieoua  Hardware 

JoslynCat.  No.  J- 1944  Clovis  with  Insulator  No.  J-99  for  sus-  ^ 
pending  string  arxides.  Includes  Items  No.19. 20. 21. 22  i  23**”** 

3‘  X  3"  X  3“  Long  Angle  Iron  Brackets  for  clevis  string  anode 
support. 

Conduit.  Conduleta.  Watertight  Conduit  Girder  Pentration  Fittings. 
"U"  Bolt  Conduit  Clamps,  etc. 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings.  Hoffman  Typo  4X  Fiberglass  Case  with  S.S.  fittings.  Cat. 
No.  A-30H2410GQLRP. 

I  Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 
capacity  per  Circiit  of  10  Amperes  at  24  Volta,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circtiL  in  “Ice 
Cream  Carr  Hot  Dip  Galvanized  Case. 

Total  nt  Men- Hours  tor  each  labor  claaaiBcatlon: 


To^  24^0^  16.0 1 


ElMHotan  WtMir  ILatanr  ISte. 
Iteft-ws.  luMV-Wf.  Iihn-Hf». 


24.0  16.0  16.0 


1-7  K 
1-9  X 
1-6  L.M 


1-6  L 
1-7  K 


60  180  120 

$75  $60  555 


U.S.  ARMY  C£m.  DETAILED  COST  ESTIMATE 
IMPRESSED  CURI«NT  CATHODIC  PROTECTION  SYSTEM 
FOR  PIKE  ISIANO  LOCK  A  DAM  MITER  GATES 
PREPAreDSY^ongr^amgml^jslnc^^RJ^raP^^NraNECT^fane^B^twhmai^ 


1  Downstream  Surface  of  Upstream  Gates  (Both  Leafs) 

i  Dwq.  Reference 

Unit 

Extended 

Sheet 

.KSI 

Unit 

Description 

Cost 

Cost 

No. 

IKS 

1 

■■ll'i  1  rr'  Iil1| 

16 

1 

Strings 

2"  O.D.  X 1 .5‘  I.D.  X  9‘  Long,  Hi-Silicon  Chromium  Cast  Iron 

$519.29 

$8,308.64 

1-5 

1 

Anode  Strings  assembled  with  Nose  Cones  per  C.O.E.  Dwgs, 

1-7 

■A-A" 

j 

Detail  T  on  Sheet  1  -5, 7  Segments/String,  Segments  located  4’6* 
Center  to  Center  (Note:  Approx  C-C  Spacing  Is  approximate 
only,  assemble  to  center  one  segment  each  within  chambers  at  or 
below  Upper  Pool  Elevation)  assembled  on  #8  AWG,  Stranded 
Copper  Cable  with  Type  RHH/RHWAJSE  Hypalon  Insulation  with 
40'  Lead  on  one  end. 

1-1 

“B-B 

8 

2 

Assemblies 

6'  Dia  X  3'  Deep  Type  "A"  Hi-Silcon  Chromium  Cast  Iron  Button 

$301.98 

$2,415.84 

i-5& 

D 

Anode  factory  assembled  per  C.O.E.  Drawing,  Detail  "D"  on  Sheet 
1  -5  (also  I-5A),  with  60’  of  #8  AWG,  Stranded  Copper  Cable  witT 
Type  RHH/RHWAJSE  Hypalon  Insulation  connected  to  Back  of 
Anode  -  Connection  sealed  with  factory  sealing  compound  and  2 
Plastic  Compression  Washers. 

Install  4  each  at  tcttom  girder  on  both  gates 

I-5B 

D 

HSCCI  Button  Anode  Mounting  Components: 

8 

3 

Each 

3/4"  X  3-1/2"  Long  Hex  Head  Steel  Bolt  complete  with  Nut  and  2 
-  1-1/2"  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  Tshapec 
3/16"  Dia  Epoxy  Filling  Port  Anode  side  Washer  to  have  4  -  1/8" 
X 1/16"  Slots  on  one  face  only  spaced  90  degrees  apart 

Includes  Items  No.  3,  4,  5  &  7  * 

$55.00 

$440.00 

I-5B 

A 

8 

4 

Each 

3/4"  I.D.  X  3"  Long  Flanged  Nylon  Insulating  Sleeve 

* 

* 

i-5B  , 

A 

8 

5 

Each 

Anode  mounting  hole  Plastic  Plug 

* 

* 

I-5B 

A 

8 

6 

Each 

Type  "CGB"  Pressure  Insulating  3/4"  Threaded  Connector  suitable 
for  #8  AWG  Insulated  Wire  specified  above. 

$5.16 

$41.28 

I-5B 

A 

8 

7 

Each 

1/8"  Thick  X  1"  I.D.  x8"  O.D.  Neoprene  Anode  Insulating  Gasket 
complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

* 

* 

I-5B 

A 

8 

8 

Each 

Button  /^ode  Cabling  Protection  Assembly  consisting  of  8"  Dia  x 
Approx  8"  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fittec 
with  pipe  cap  and  1/2"  thread-o- let  welded  to  one  side  for 
conduit  entrance. 

$77.00 

$616.00 

I-5B 

K 

[ 

1 

String  Anode  Metallic  Protection  and  Support  Components 

12 

9 

Each 

3-1/2"  X  3-1/2"  X  3/8"  Angle  Iron,  10’  Long 

$37.01 

$444.12 

1-7 

K  i 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

1-6 

L 

Anodes  1S4,  1S5,  1S6,  2S4, 2S5  &  2S6  only  on  both  gates 

1-1 

Notes  2&4 

8 

10 

Each 

6"  Wide  X  2-1/8"  Deep  x  5/16"  Thick  Steel  "U"  Channel,  1 6’  Long 

$214.75 

$1,718.00 

1-6 

R,Q.  i 

To  be  installed  in  front  of  perforated  piastic  pipe  protectors  for 
Anodes  1S5,  1S6, 2S5&2S6  only  on  both  gates 

1-1 

Note  1 

4 

11 

Each 

4"  Wide  X  2-1/8"  Deep  x  5/16"  Thick  Steel  "U"  Channel,  16’  Long 

To  be  installed  in  front  of  perforated  plastic  pipe  protectors  for 
Anodes  1S4  &  2S4  only  on  both  gates 

$195.00 

$780.00 

1-2 

j 

Note  1  ' 

i 

j 

16 

12 

Each 

4"  Long  Steel  Pipe  "Collars"  -  Cut  from  Std.  4"  Dia  (4-1/2"  O.D.) 

$8.80 

$140.80 

1-6 

i 

UQ  i 

Steel  Pipe 

1-7 

K 

16 

13 

Each 

5"  Long  Steel  Pipe  "/Vnchorages"  -  Cut  from  Std.  2-1/2"  Dia. 
(2-7/8"  O.D.)  Steel  Pipe. 

$36.23 

$579.68 

1-6 

N 

16 

14 

Each 

5/16’  X  4"  Anchorage  Bolt  with  1  Washer  and  5/15"  I.D.  Ring 
Tounge  "T&B"  Connector  with  9"  of  #8  AWG  Strand  Copper 
Insulated  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

$9.23 

$147.68 

1-6 

N 

16 

15 

Each 

Pints  "Epoxy*  for  filling  Anchorage  and  Bolt  Caps 

$11.50 

$184.00 

1-6 

N 

1 

M6 


— - -  U.S7ARIUIY  C.E.R.L.  DETAILED  COST  ESTIMATE 

IMPRESSED  CURRENT  CATHODIC  PROTEGTJON  SYSTEM 
FOR  PIKE  ISLAND  LOCK*  DAM  MITER  GATES 
PREPARED  BY:  CbfTpro  ConiganjTO£lnc^2i£^PRjfi^^^;ENG|NE^^jlan9^B^tffihnta^ 


Quant 


Item 

No.  Unit 


Downstream  Surface  of  Upstream  Gates  (Both  Leafs) 


161 

16 

Each 

1121 

17 

Each 

16! 

18 

Each 

2241 

19 

Each 

16’ 

20 

1 

iEach 

16 

21 

!  Each 

1 

22 

I  Lot 

1 

23 

IEach 

I 

1 ; 

24 

1 

[Each 

25  i  Lot 


Description 

String  Anode  Pertorated  Plastic  Pipe  Protectors 
30’  of  3"  Dia.  Schedule  80  PVC  Pipe  perforated  with  1-1/2"  Dia 
Holes  on  2"  Centers  on  1 80  Degrees  of  Pipe  Surface.  See  Detail 
Sheets. 

20"  Long  x  3"  Dia  Schedule  80  PVC  "non-perforated*  Pipe  for 
penetrations  thru  girders. 

3-1/2"  Schedule  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
termination  of  3"  Perforated  Pipe  run. 

Schedule  80  PVC  Pipe  Coupling  complete  with  solvent  welding 
adhesive 

Miscellaneous  Hardware 

Joslyn  Cat  No.  J- 1944  Clevis  with  Insulator  No.  J-99  for 
sus^nding  string  anodes. 

3"  X  3"  X  3’  Long  Angle  Iron  Brackets  for  clevis  string  anode 
support 

Conduit  Condulets,  Watertight  Conduit  Girder  Pentration  Fittings, 
“U“  Bolt  Conduit  Clamps,  etc. 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings,  Hoffman  Type  4X  Fiberglass  Case  with  S.S.  fittings,  Cat 
No.  A-30H2410GQLRP.  (NOTE:  One  (1)  each  is  required  for 
each  gate  leaf  or  a  total  of  four  (4)  are  required  for  the  project) 

Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 
capacity  per  Circuit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circuit  in  "Ice 
Cream  Cart"  Hot  Dip  Galvanized  Case.  (NOTE:  This  rectifier 
will  actually  feed  both  the  upstream  and  downstream  surfaces  of 
one  leaf  only.  There  will  be  a  total  of  four  (4)  rectifiers  for  the 
project) 


bontioencyfor  Freight  Breakage.  Spares,  Lost  Components,  etc. 


Unit 


Extended 


Cost  I  Cost 


$197,001  $3,152.00 


$4.60  i  $515.20 


Dwg^ReferenM 

“■  Detail 


Sheet 
No.  I  Nos. 


1-7 

1-9 


!K 

tx 


1-6  lUM 


$15.30  i  $244.80 


$12,501  $2,800,00 


$4.50 1  $72.00 


1-6  iL 


-6  IL 
-7  'K 


1-5  iF 


$3,861  $61 .76 1 1-5  :F 


$1,000,001  $1,000,001 


$929.00 

$929.00 

I-8A 

! 

$2,361.00 

$2,361.00 

1-6 

1-7 

15% 

$4,043 

ni  o  r^r\c 

■ 

crCTlll  ATC 

M7 


U  S.  ARMY  C  E^at.  DETAILED  COST  ESTIMATE 
IMPRESSED  CURRENT  CATHODIC  PROTECTION  SYSTEM 
FOR  PIKE  ISLAND  LOCK  &  DAM  MCER  GATES 
PrtEPAt^D  BY:  Ctofrpro  Cowpttl— ,  Inc.  PfflNCIPAL  ENGINEBt:  Jam««  B.  Btiahman 


PLECSSLSQCP 


1  Downstream  Surface  of  Uostream  Gates  (Both  Leafs) 

1  Dwq.  Reference  I 

Miro 

Fofwwn 

Lab«r*r 

UiM. 

IgJ!^ 

lUMHlI 

Quani 

!KI1 

Unit 

Description 

Man-Hn 

Uan-Hrt 

Man-Hn 

Uan-Hr* 

IK9 

ICB9 

1 

HSCCI  Anode  Assemblies: 

16 

1 

Strings 

2"  O.D.  X 1 .5'  I.D.  X  9'  Long,  Hi-Silicon  Chfomium  Cast  Iron 

16.0 

32.0 

32.0 

32.0 

1-5 

1 

Anode  Strings  assembled  with  Nose  Cones  per  C.O.E.  Dwgs, 

1-7 

■A-A' 

( 

- 

Detail  T  on  Sheet  1  -5, 7  Segmenta/String,  Segments  located  4'6 

Center  to  Center  (Note:  Approx.  C-C  Spacing  is  approximate 
only,  assemble  to  center  one  segment  each  within  chambers  at  or 
below  Upper  Pool  Elevation)  assemblad  on  #8  AWQ,  Stranded 
Copper  Cable  with  Type  RHH/RHWAJSE  Hypalon  Insulation  with 
40'  Lead  on  one  end. 

1-1 

■B-B 

8 

i  2 

1  Assemblies 

6"  Dla.  X  3'  Deep  Type  'A‘  Hi-Silcon  Chromium  Cast  Iron  Button 

8.0 

16.0 

16.0 

16.0 

1-5  & 

D 

j 

i 

Anode  factory  assembled  per  C.O.E.  Drawirig,  Detail  'D*  on  Sheet 
1  -5  (also  I-5A),  with  60'  of  #8  AWG,  Stranded  Copper  Cable  wiS 
Type  RHH/RHWAJSE  Hypalon  Insulation  connected  to  Back  of 
Anode  —  Connection  sealed  with  factory  sealing  compound  and  2 
Plastic  Compression  Washers. 

Install  4  each  at  bottom  girder  on  both  gates. 

Includes  Items  No.  2,  3,  4,  S,  6,  7  &  8  * 

I-5B 

D 

HSCCI  Button  Anode  Mounting  Components: 

1 

8 

3 

Each 

3/4'  X  3-1/2'  Long  Hex  Head  Steel  Boft  complete  with  Nut  and  2 
-  1  -1/2 '  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  T'  shapoc 
3/16'  Dla.  Epoxy  Filling  Port.  Anode  side  Washer  to  have  4-1/8' 
X  1  /1 6'  Slots  on  one  face  only  spaced  90  degrees  apart 

* 

* 

* 

* 

I-5B 

A  I 

8 

1  4  1  Each 

;  1 

3/4'  I.D.  X  3'  Long  Flanged  Nybn  Insulating  Sleeve 

• 

* 

* 

* 

I-5B 

A 

8 

1  ] 

5 i Each 

Anode  mounting  hole  Plastic  Plug 

* 

* 

* 

« 

I-5B 

A 

S 

i 

6 i Each 

Type  'CGB'  Pressure  Insulating  3/4'  Threaded  Connector  suitable 

* 

• 

* 

* 

I-5B 

A 

for  #8  AWG  Insulated  Wire  specified  above. 

8 

7 

Each 

1/8'  Thick  X  1'  I.D.  x8'  O.D.  Neoprene  Anode  Insulating  Gasket 
complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

• 

* 

* 

• 

I-5B 

A 

8 

8 1  Each 

Button  /\node  Cabling  Protection  Assembly  consisting  of  8'  Dla  x 

* 

* 

* 

* 

I-5B 

K 

Approx.  8'  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  eapandl/2'thread-o-letweldedtoone  side  for 
conduit  entrance. 

String  Anode  Metallic  Protection  cutd  Support  Componentsi 

I 

12 

9 

Each 

3-1/2' X  3-1/2' X  3/8' Angle  Iron,  10'  Long 

12.0 

24.0 

24,0 

24.0 

1-7 

K  i 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

1-6 

L 

Anodes  1S4,1S5,1S6, 2S4. 2S5&2S6  only  on  both  gates 
Includes  items  No.  9, 10, 11, 12, 13, 14&  15** 

1-1 

NoUl 2&4l 

8 

10| 

Each 

6'  Wide  X  2-1/8'  Deep  x  5/1 6' Thick  Steel  'U' Channel,  16’  Long 

*« 

** 

•  • 

** 

1-6 

R.Q. 

i 

j 

To  be  installed  in  front  of  perforated  plastic  pipe  protectors  for 
Anodes  1S5,  1S6, 2SS  A  2S6  only  on  both  gtdes 

1-1 

Note  1  1 

4 

11 

Each 

4'Widex2-1/8'  Deep  x  5/1 6' Thick  Steel  'U' Channel,  16'  Long 

To  be  installed  in  front  of  perforated  plastic  pipe  protectors  for 
Anodes  1S4  &  2S4  only  on  both  gates 

** 

** 

** 

** 

16 

12 

Each 

4'  Long  Steel  Pipe  'Collars'  -  Cutfrom  Std.  4'  Dia  (4-1/2*  O.D.) 

** 

** 

** 

** 

1-6 

LQ  ' 

Steel  Pipe 

1-7 

K 

16 

13 

1 

Each 

5'  Long  Steel  Pipe  'Anchorages'  -  Cutfrom  Std.  2-1/2*  Dia 
(2-7/8*  O.D.)  Steel  Pipe. 

** 

** 

** 

*• 

1-6 

i 

N 

j 

16 

i 

14I 

1 

Each 

5/16' X  4' Anchorage  Bolt  with  1  Washer  and  5/15' I.D.  Ring 

Tounge  T&B'  Connector  with  9*  of  #8  AWQ  Strand  Copper 
risulated  Grounding  Cable  attached.  Also  include  2  Rastic  Caps 
'or  covering  Bolt  Head  and  Nut 

** 

** 

** 

** 

1-6 

N 

] 

16 

15 

Each 

Pints  'Epoxy'  for  filling  Anchorage  and  Bolt  Caps 

** 

** 

*« 

** 

1-6 

N  ' 

1 

1 

1 

i 
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- "  u  S.  ARMY  C.E.R,L.  DETAILED  COST  ESTIMATE 

IMPRESSED  CURRENT  CATHODIC  PROTECTION  SYSTEM 
PIKE  ISUWD  UXK 

PREPARED  BY:  Carrpw  Compani**.  Inci  PWNCIPAt.  ENOWEgl:  Janwr  B.  Bu«hman 


Dwq.  Reference 


Unit 


1 6  Each 


1 8  Each 


19  Each 


20  Each 


21  Each 


23  Each 


24  I  Each 


Description 


tring  Anode  Perforsted  Plastic  Pipe  Protectors 

30’ of  3’ Dia.  Schedule  80  PVC  Pipe  perforated  with  1 -1/2*  Dia. 

I  Holes  on  2*  Centers  on  1 80  Degrees  of  Pipe  Surface.  See  Detail 
I  Sheets.  Includes  Items  No.  1 6, 1 7, 1 8  &  1 9  •** 

'  20*  Ijongx  3*  Dia.  Schedule  80  PVC 'non-perforated*  Pipe  for  *** 

;  penetrations  thm  girders. 

:  3-1 /2*  Schedule  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 

'  termination  of  3*  Perforated  Pipe  run. 

^  Schedule  80  PVC  Pipe  Coupling  complete  with  solvent  welding 

I  adhesive  - 

1 

Miscellaneous  Hardware 

JoslynCaLNo.  J-1 944  Clevis  with  Insulator  No.  J-99  for  8.0  24.0 

I  suspending  string  anodes. 

3*  X  3*  X  3*  Long  /Vigle  Iron  Brackets  for  clevis  string  anode 
:  support. 

j 

Conduit  Condulets,  Watertight  Conduit  Girder  Pertration  Fittings, 

■U*  Bolt  Conduit  Clamps,  etc. 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings,  Hoftnan  Typo  4X  Fiberglass  Case  virilh  S.S.  fittings.  Cat 
No  A-30H2410GQLRP.  (NOTE:  One  (1)  each  Is  required  for 
i  each  gate  leaf  or  a  total  of  four  (4)  are  required  for  the  project) 

'  Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output  1 .0 

!  capacity  per  Circuit  of  10  Amperes  at  24  Volts,  manual  tap 

!  adjustment  of  output  voltage  in  20  stops  tor  each  circuit  in  ‘Ice 
I  Cream  Cart*  Hot  Dip  Galvanized  Cass,  (NOTE  This  rectifier 
i  will  actually  feed  both  the  upstream  and  downstream  surfaces  of 
lone  loaf  only.  There  will  be  a  total  of  tour  (4)  rectifiers  for  the 

reject.)  _ _ 

otgof  Maft-Houre  lor  each  La^f 
Labor  Rate  for  each  L^bor  Claeaification 

I  «hnr  Coat  Estimate  for  each  L5or  daesific^n 


).0%  ContIgencY  for  weariter  detays.  etc. 


Uan-Hrt 

W*Ww 

Man-Hr* 

Labom 

Man-Hr* 

1 

n 

1 

16.0 

32.0 

32.0' 

32.0 

1-7 

1-9 

1-6 

***  *** 


***  ***  it**  *** 


**«  I  ***  *** 


8.0  24.0  16.0  16.0 


iE^EgSaE^g 


R  COST  ESTIMATE 


U.S.  ARMY  C.E.R.L  DETAILED  COST  ESTIMATE 
IMPRESSED  CURRENT  CATHODIC  PROTECTION  SYSTEM 
FOR  PIKE  ISLAI®  LOCK  &  DAM  MITER  GATES 
PREPARED  BY:  Corrpro  Compaiies,  Inc.  PRINCIPAL  ENGINEER:  Janes  B.  Bushman 


Jpstream  Surface  of  Downstream  Gates  (Both  Leafs) 

1  Dwq.  Reference 

■tunii 

IHimn 

Quant 

Unit 

Description 

■RmI 

I— ^11 

8 

1 

Strings 

2"  O.D.  X 1 .5"  I.D.  X  9"  Long,  Hi-Silkxxi  Ctiromium  Cast  Iron 

$667,66 

$5,341,28 

1-5 

1 

Anode  Strings  assembled  with  Nose  Cones  per  C.O.E.  Dwgs, 

1-7 

"A-A" 

Detail  "1“  on  Sheet  1  -5,  9  Segments/String,  Segments  located  4'6' 
Center  to  Center  (Note:  Approx  C-C  Spacing  is  approximate 
only,  assemble  to  center  one  segment  each  within  chambers  at  or 
below  Upper  Pool  Elevation)  assembled  on  #8  AWG,  Stranded 
Copper  Cabie  with  Type  RHH/RHWAJSE  Hypalon  Insulation  with 

40'  Lead  on  one  end. 

1-1 

“B-B" 

40 

2 

Assembliej 

6"  Dia.  X  3"  Deep  Type  ‘A’  Hi-Silcon  Chromium  Cast  Iron  Button 

$301.98 

$12,079.20 

1-5  & 

1 

D  : 

Anode  factory  assembled  per  C.O.E.  Drawing,  Detail  "D"  on  Sheet 
1-5  (also  I-5A),  with  60’  of  #8  AWG,  Stranded  Copper  Cable  with 
Type  RHH/RHW/USE  Hypalon  Insulation  connected  to  Back  of 
Anode  -  Connection  sealed  with  factory  sealing  compound  and  2 
Plastic  Compression  Washers. 

1-5B 

D 

HSCCI  Button  Anode  Mounting  Components: 

40 

3 

Each 

3/4"  X  3-1/2"  Long  Hex  Head  Steel  Bolt  complete  with  Nut  and  2 
-  1-1/2 "  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  "T  shaped 
3/16"  Dia.  Epoxy  Filling  Port.  Anode  side  Washer  to  have  4  -  1/8" 

X 1/1 6"  Slots  on  one  face  only  spaced  90  degrees  apart 

Includes  Items  No.  3, 4,  5  &  7  * 

$55.00 

$2,200.00 

I-5B 

A 

401 

4 

Each 

3/4"  I.D.  X  3"  Long  Flanged  Nylon  Insulating  Sleeve 

It 

It 

I-5B 

A 

40  i 

5 

Each 

Anode  mounting  hole  Plastic  Plug 

it 

1k 

I-5B 

A 

401 

6 

Each 

Type  “CGB"  Pressure  Insulating  3/4"  Threaded  Connector  suitable 
for  #8  AWG  Insulated  Wire  specified  above. 

$5.16 

$206.40 

I-5B 

A 

401 

7 

Each 

1/8"  Thick  X  1"  I.D.  x8"  O.D,  Neoprene  Anode  Insulating  Gasket 

♦ 

* 

I-5B  ’ 

A 

complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

401 

8 

Each 

Button  Anode  Cabling  Protection  Assembly  consisting  of  8"  Dia  x 
Approx  8"  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 

$77.00 

$3,080.00 

I-5B  ■ 

K 

with  pipe  cap  and  1/2"  thread-o-let  welded  to  one  side  for 
conduit  entrance. 

String  Anode  Metallic  Protection  and  Support  Comporrents 

- 1 

4 

9 

Each 

3-1/2"  x  3-1/2"  X  3/8"  Angle  Iron,  10'  Long  - 

$37.01 

$148.04 

1-7 

K 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

1-6 

L 

Anodes  1S2  &  2S2  only  on  both  gates. 

1-1 

2&4 

4: 

10 

Each 

6"  Widex2-1/8"Deepx5/16"  Thick  Steel  "U"  Channel,  16'  Long  - 

$297.06 

$1,188.24 

1-6 

R.Q. 

To  be  installed  in  front  of  Anodes  1S2  <5  2S2  only  on  both  gates 

1-1 

Note  1 

561 

11 

Each 

4"  Long  Steel  Pipe  "Collars"  -  Cut  from  Std.  4"  Dia  (4-1/2*  O.D.) 

$8.80 

$492.80 

1-6 

L.Q 

' 

Steel  Pipe 

1-7 

K 

8’ 

12 

Each 

5"  Long  Steel  Pipe  "Anchorages"  -  Cut  from  Std.  2-1/2"  Dia 
(2-7/8"  O.D.)  Steel  Pipe. 

$36.23 

$289.84 

1-6 

N 

81 

13 

Each 

5/16"x4"  Anchorage  Bolt  with  1  Washer  and  5/15"  I.D.  Ring 

Tounge  T&B"  Connector  with  9"  of  #8  AWG  Strand  Copper 

$9.23 

$73.84 

1-6 

N 

Insulated  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

8i 

14 

Each 

Pints  “Epoxy"  for  filling  Anchorage  and  Bolt  Caps 

$11.50 

$92.00 

1-6 

N 

MIO 


U  Si  ARMY  C£;R.I^  DETAfl£D  CX)ST  ESTIMATE^^^^ 

IMPRESSED  CURFCNT  GATHODIG  PROTEGTION  SYSTEM 
FO  R  PI KE  ISLAND  LOCK  A  DAM  MITER  GATES 
PREPARED  BY;  C6rrpr<»  C<»i>tpitl>»i  l«fc;  PRINCIPAL  ENGlNEER_:__Jamg«_B;_Bu»hwijn_ 


Surface  of  Downstream  Gates  (Both  Leafs) 


Dwq- 


Reference 


Unit 

Extended 

Sheet 

Detail 

Quant 

B?Hi 

Unit 

Description 

Cost 

Cost 

No. 

Nos. 

String  Anode  Periorated  Plastic  Pipe  Protectors 

8 

15 

Each 

3‘  Dia.  X  40'  Long  Schedule  80  PVC  Pipe  perforated  with  1-1/2'  Dia 

$197.00 

$1,576.00 

1-7 

K 

Holes  on  2‘  Canters  on  180  Degrees  of  Pipe  Surface.  See  Detail 

1-9 

X 

Sheets. 

1-6 

L.M 

144 

16 

Each 

20'  Long  x  3*  Dia.  Schedule  80  PVC  'non- perforated'  Pipe  for 
penetrations  thru  girders. 

$4.60 

$662.40 

8 

17 

Each 

3-1/2'  Schedule  80  PVC  Plastic  Pipe  Adapterfor  use  at  upper 

$15.30 

$122.40 

1-6 

L 

288 

18 

Each 

Schedule  80  PVC  Pipe  Coupling  complete  with  solvent  welding 

$12.50 

$3,600.00 

1-6 

L 

1-7 

K 

Miscellaneous  Hardware 

8 

19 

Each 

Joslyn  Cat  No.  J-1944  Clevis  with  Insulator  No.  J-99for 
suspending  string  anodes. 

$4.50 

$36.00 

1-5 

F 

8 

20 

Each 

3'  X  3'  X  3'  Long  Anglo  Iron  Brackets  for  clevis  string  anode 
support 

$3.86 

$30.88 

1-5 

F 

1 

21 

Lot 

Conduit  Condulets,  Watertight  Conduit  Girder  Pontration  Fittings, 
'Ll'  Bolt  Conduit  Clamps,  etc. 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 

$1,000.00 

$1,000.00 

22 

Each 

$929.00 

$929.00 

I-8A 

Fittings,  Hoffman  Typo  4X  Fiberglass  Case  with  S.S.  fittings.  Cat 

No.  A-30H2410GQLRP. 

1 

23 

Each 

Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 

$2,361.00 

$2,361.00 

1-6 

capacity  per  Circuit  of  1 0  Amperes  at  24  Volts,  manual  tap 

1-7 

adjustment  of  output  voltage  in  20  steps  for  each  circuit  in  'Ice 
Cream  Carf  Hot  Dip  Galvanized  Case.  (NOTE;  This  rectifier 

will  actually  feed  both  the  upstream  and  downstream  surfaces  of 
one  loaf  only.  There  will  be  a  total  of  four  (4)  rectifiers  for  all 

four  (4)  gate  loaves.) 

1 

24 

Lot 

Contiaencv  for  Freiaht  Breakage.  Spares,  Lost  Components,  etc. 

15% 

$5,326.40 

Mil 


U  S.  ARMY  C.E;R.ti  DETAILED  COST  ESTIMATE 
IMPRES^D  CURFENT  CATHODIC  PROTECTION  SYSTEM 
FOR  PIKE  ISLAND  LOCK  &  DAM  MITER  GATES 
PFgPARED  BY:  (^rrpto  Companto*.  Inc^  PRINCIPAL  ENGINEERr  J^e*  B.  Buahtnan 


Upstream  Surface  of  Downstream  Gates  (Both 

Leafs) 

CP 

I  Dwq.  Reference! 

ForvfMn 

Ei*c1rki«n 

WeMM- 

IDS 

Shee' 

itnjnii 

Quant 

IKSi 

Unit 

Description 

Utn-Hn 

Uan-Hra. 

JsM 

in 

No. 

InBi 

! 

8 

i  1 

Strings 

2*  O.D.  X 1  .S'  I.D.  X  9'  Long,  Hi-Silicon  Chromium  Cast  Iron 

0.0 

24.0 

16.0 

16.0 

1-5 

I 

1 

Anode  Strings  assembled  with  Nose  Cones  perC.O.E.  Dwgs, 

1-7 

■A-A' 

! 

i 

Detail  T  on  Sheet  1  -5, 7  Segments/String,  Segments  located  4'6 

Center  to  Center  (Note:  Approx  C-C  Spacing  is  approximate 
only,  assemble  to  centerone  segment  each  within  chambers  at  or 
below  Upper  Pool  Bevation)  asaembled  on  #8  AWQ,  Stranded 
Copper  Cable  with  Type  RHH/RFWAJSE  Hypalon  Insulation  with 
40'  Lead  on  one  end. 

1-1 

'B-B 

40 

2 

AssemWie 

6'  Dia.  X  3"  Deep  Type  'A'  Hi-Silcon  Chromium  Caat  Iron  Button 

40.0 

120.0 

80.0 

80.0 

I-5& 

D 

1 

Anode  factory  asaembled  per  C.O.E.  Dra^g,  Detail  *0*  on  Sheet 
1  -5  (also  l-SA),  with  60'  of  #8  AWQ,  Stranded  Copper  Cable  witt 
Type  RHH/flHW/USE  Hypelon  Insulation  connected  to  Back  of 
Anode  -  Connection  sealed  with  factory  sealing  compound  vid  2 
Rastic  Compression  Washers.  Includes  Herns  No.  2  -  8  * 

I-5B 

D 

1 

HSCCI  Button  Aitoda  Mounting  Components; 

40 

1 

1 

3 

Each 

.  3/4' X  3-1 /S'  Long  Hex  Hoad  Steel  BoH  complete  with  Nut  and  2 
-  1-1/2 'O.D.  Std.  Steel  Washers.  BoH  equipped  with  'T’  shapec 
3/16"  Dia  Epoxy  Filling  Port  Anode  aide  Washer  to  have  4-1/8' 
X  1  /1 6*  Slots  on  one  face  only  spaced  90  degrees  apart 

• 

* 

* 

* 

I-5B 

A 

40 

4 

Each 

3/4"  I.D.  X  3‘  Long  Flanged  Nylon  Insulsiing  Sleeve 

* 

* 

* 

* 

I-5B 

A 

40 

5 

Each 

Anode  mounting  hole  Rastic  Rug 

* 

* 

« 

* 

I-5B 

i 

A  ! 

40 

6 

Each 

Type  'CGB'  Pressure  Insulating  3/4'  Threaded  Connector  suHablo 
for  #8  AWG  Insulated  Wire  specrtied  above. 

* 

• 

• 

It 

I-5B 

A 

40 

7 

Each 

1/8' Thick  X  r  I.D.  x8'  O.D.  Neoprene  Anode  Insulating  Gasket 
complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

* 

• 

* 

* 

I-5B 

A 

40 

8' 

Each 

Button  Anode  Cabling  Protection  Assembly  consisting  of  8'  Dia  x 
Approx  8'  Long  Schedule  40  Rpe  Threaded  on  one  end  and  fittec 
with  pipe  cap  and  1/2' throad-o-let  welded  to  one  side  tor 

* 

• 

H 

* 

I-5B 

K 

conduH  entrance. 

String  Anode  Metallic  Protection  and  Support  Components 

4 

9 

Each 

3-1/2'  xS-t/?  X  3/8"  Angle  Iron,  10'  Long  - 

4.0 

12.0 

8.0 

8,0 

I-7 

K  I 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

I-6 

L 

Anodes  1S2&2S2  only  on  both  gates.  Includes  Items  No.9-14 

1-1 

Notes  2&4 

1 

41 

10  Each 

6' Wide  X  2-1/8'  Deep  x  5/1  S'  Thick  Steel  'U*  Channel,  16'  Long  - 

** 

*• 

** 

i-6 

R.Q, 

1 

1 

To  be  installed  in  front  of  Anodes  1S2i2S2onlyon  both  gates 

1-1 

Note  1  I 

561 

11  Each  j 

4'  Long  Steel  Rpe  'Collars'  -  Cut  from  Std.  4'  Dia  (4-1/2*  O.D.) 

** 

** 

** 

I-6 

UQ 

Steel  Rpe 

I-7 

K  i 

I 

8| 

12  Each  ' 

5'  Long  Steel  Rpe  'Anchorages'  -  Cut  from  Std.  2-1/2*  Dia 

** 

** 

** 

** 

I-6 

I 

N  ; 

(2-7/8'  O.D.)  Steel  Rpe. 

8 

I 

1 3  Each  1 

5/1  S' x  4'  Anchorage  BoH  with  1  Waaher  »id  5/15’  I.D.  Ring 

** 

** 

** 

** 

I-6  I 

I 

N 

i 

Toungo  TAB*  Connector  wHh  9'  of  #8  AWQ  Str«id  Copper 
Insulated  Grounding  Cable  attached.  Also  Include  2  Rastic  Caps 
for  covering  BoH  Head  and  NuL 

I 

I 

8 

14-Each  1 

Rnta  'Epoxy*  for  filling  Arrchorage  and  BoH  Capa 

** 

** 

** 

** 

I-6 

N 

i 
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- U  S.  ARMY  C.E.R.L.  DETAILED  COST  ESTIMATE 

impressed  current  catoiodic  protection  system 

FOR  PIKE  IStAND  LOCK  ADAH  MRER  OATES 
PREPARED  BTr  Corrpro  Compante*.  liw.^_^WjCjgALBjGHjECT^JOT»«_B;_&Jrtw^ 


Surface  of  Downstream  Gates  (Both  Leafs) 


Un’ft 

Description 

Foreman 

EtoetrtciM 

Uan-Hrt. 

Mwf-Hrt 

LAt>or*f 

Mite. 

Uar-Hrv 

bneet 

No. 

ueiaji 

Nos. 

- gTnng  Anode  Medoraled  Plastic  Pipe  Protectors 

8.0 

24.0 

16.0 

16.0 

K 

;  s 

15 

Each 

3’  Dia  X  30'long  Schedule  80  PVC  Rpe  perforated  with 

i-7 

1  - 1  /2‘  Dia  Holes  on  2‘  Cantors  on  1 80  Degrees  of  Rpe  Surface. 

UM  i 

i 

See  Detail  Sheets. 

144 

16 

Each 

20'  bong  x  3‘  Dia  Schedula  80  PVC  'non-porforalecf  Rpe  for 
penetrations  thru  girders. 

8 

17 

Each 

3-1/2‘  Schedule  80  PVC  Rastic  Rpe  Adapter  for  use  at  upper 
termination  of  3'  Perforated  Rpe  run. 

1-6 

L  1 

288 

18 

Each 

Schedule  80  PVC  Rpe  Coupling  completo  with  solvent  welding 

1-6 

1-7 

L 

K 

! 

Miscellaneous  Hardwars 

24.0 

16.0 

16.0 

i  8 

19 

Each 

Joslyn  Cat  No.  J- 1944  Clevis  with  Insulator  No.  J-99for 
suspending  string  anodes. 

8.0 

1-5 

F 

20 

Each 

3'  X  3'  X  3‘  Long  Angle  Iron  Brackets  for  clevis  string  anode 
support. 

1-5 

F 

1 

21 

Lot 

Conduit,  Condulets,  Watertight  Conduit  Girder  Pentration  Frttings, 
■U"  Bolt  Conduit  Clamps,  etc. 

1 

22 

Each 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Frttings,  Hofknan  Type  4X  Rberglass  Case  with  S.S.  fittings,  Cat 

I-8A 

: 

No,  A-30H2410GQLRP. 

1  ;  1 

23 

Each 

DueJ  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 

1-6 

: 

1 1 

capacity  per  Circuit  of  1 0  Amperes  at  24  Volts,  manual  tap 

• 

adjustment  of  output  voltage  in  20  steps  for  each  circuit  in  Ice 
Cream  CarT  Hot  Dip  Galvanized  Case. 

■  ! 

Total  of  Man-Hours  for  each  tabor  clasarfication; 

!  ! 

1  nhnr  Rata  for  each  Labor  Classltication: 

IH^ 

1  ■ 

'  Base  Labor  Cost  Estimate  for  each  Labor  Classification: 

IKUM 

$12240 
$1 .224 

$7,480 

$748 

IH-fiKiti 

I  1C 


S34.034.00 


TOTAL  LABOR  COST  ESTIMATE 
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U.S.  ARMY  C£.H.L.  DETAILED  COST  ESTIMATE 
IMPRESSED  CURFENT  CATHODIC  PROTECTION  SYSTEM 
FOR  PIKE  I^NO  LOCK&  DAM  MITER  GATES 
PREPAffi^B^^Cofjgra^OTTg^iOTjTn^^^Rlf^R^^NQNEBR^OTne^B^ushmarv 


FILE:  0SS03GCP 


1  Downstream  Surface  of  Downstream  Gates  (Both  Leafs 

1  Dwfl- 

Reference  I 

iHiTitn 

IREI 

Unit 

Description 

IREI 

lEESi 

1 

16 

1 

Strings 

2"  O.D.  X 1 .5'  I.D.  X  9'  Lnng,  Hi-Sillcon  Chromium  Cast  Iron 

$370.93 

$5,934,88 

1-5 

1 

Anode  Strings  assembled  with  Nose  Cones  per  C.O.E.  Dwgs, 

1-7 

‘A-A-  1 

Detail  '1'  on  Sheet  1  -5, 5  Segments/String,  Segments  located  4'6 
Center  to  Center  (Note;  Approx  C-C  Spacing  is  approximate 
only,  assemble  to  center  one  segment  each  within  chambers  at  or 
below  Upper  Pool  Elevation)  assembled  on  #8  AWG,  Stranded 
Copper  Cable  with  Type  RHH/RHWAJSE  Uypalon  Insulation  with 
50'  Lead  on  one  end. 

1-1 

■B-B  i 

i 

I 

I 

8 

2 

Assemblies 

6*  Dia  X  3‘  Deep  Type  ‘A*  Hi-Silcon  Chromium  Cast  Iron  Button 

$301.98 

$2,415.84 

1-5  & 

D 

Anode  factory  assembled  per  C.O.E.  Drawing,  Detail  ■D"  on  Sheet 
1  -5  (also  I-5A),  with  60'  of  #8  AWG,  Stranded  Copper  Cable  witt 
Type  RHH/RHW/USE  Hypalon  Insulation  connected  to  Back  of 
Anode  -  Connection  sealed  with  factory  sealing  compound  and  2 
Plastic  Compression  Washers. 

Install  4  each  at  txttom  girder  on  both  gates 

I-5B 

D 

1 

HSCCI  Button  Anode  Mounting  Components; 

8 

3 

Each 

3/4“  X  3- 1/2*  Long  Hex  Head  Steel  Bolt  complete  with  Nut  and  2 
-  1  -1/2  ■  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  T*  shapec 
3/16*  Dia  Epoxy  Filling  Port  Anode  side  Washer  to  have  4-1/8“ 
X  1  /1 6*  Slots  on  one  face  only  spaced  90  degrees  apart  Includes 
Items  No.  3,  4  &  5  * 

$55.00 

$440.00 

I-5B 

A 

8 

4 

Each 

3/4"  I.D.  X  3“  Long  Flanged  Nylon  Insulating  Sleeve 

* 

* 

I-5B 

1 

A  ! 

8 

5 

Each 

Anode  mounting  hole  Plastic  Plug 

* 

* 

I-5B 

1 

A  ! 

8 

6 

Each 

Type  “CGB*  Pressure  Insulating  3/4"  Threaded  Connector  suitable 

$5.16 

$41.28 

I-5B 

I 

A 

for  #8  AWG  Insulated  Wire  specified  above.  Includes  Items  No.6&" 

8 

7 

Each 

1/8“  Thick  X  1 "  I.D.  X  8"  O.D.  Neoprene  /knode  Insulating  Gasket 
complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

** 

I-5B 

A 

i 

i 

8 

8 

Each 

Button  Anode  Cabling  Protection  Assembly  consisling  of  8"  Dia  x 
Approx  8*  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fittec 

$77.00 

$616.00 

I-5B 

1 

K  i 

i 

with  pipe  cap  and  1/2*  thread-o-iet  welded  to  one  side  for 
conduit  entrance. 

String  Anode  Metallic  Protection  and  Support  Components 

12 

9 

Each 

3-1/2*x3-1/2"x3/8"Anglelron,  13'  Long 

$37.01 

$444.12 

1-7 

K 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

1-6 

L  1 

Anodes  1S4,  1S5,  1S6, 2S4, 2S5  &  2S6  only  on  both  gates 

1-1 

Notes  28,4 

8 

10 

Each 

6“Wide  X  2- 1/8"  Deep  X  5/1 6*  Thick  Steel  "U"  Channel,  11'  Long 

$214.75 

$1,718.00 

'  1 

1-6  'R.Q,  ' 

To  be  irtstalled  in  front  of  perforated  plastic  pipe  protectors  for 
Anodes  1S5,  1S6, 2S5  &  2S6  only  on  both  gates 

1-1 

Note  1 

4 

11 

Each 

4"  Wide  X  2-1/8“  Deep  x  5/16"  Thick  Steel  "U"  Channel,  1 1 '  Long 

To  be  installed  in  front  of  perforated  plastic  pipe  protectors  for 
Anodes  1S4  &  2S4  only  on  both  gates 

$195.00 

$780.00 

1-2 

Note  1  i 

16 

12 

Each 

4"  Long  Steel  Pipe  "Collars"  -  Cut  from  Std.  4*  Dia.  (4-1/2*  O.D.) 

$8.80 

$140.80 

1-6 

UQ  ! 

Steel  Pipe 

i-7 

K 

16 

13 

Each 

5"  Long  Steel  Pipe  "Anchorages"  -  Cut  from  Std.  2-1/2*  Dia 
(2-7/8"  O.D.)  Steel  Pipe. 

$36.23 

$579.68 

1-6 

N 

16 

14 

Each 

5/1 6"  X  4“  Anchorage  Bolt  with  1  Washer  and  5/1 5"  I.D.  Ring 

Tounge  "T&B"  Connector  with  9"  of  #8  AWG  Strand  Copper 
hsulated  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

$9.23 

$147.68 

1-6 

N 

16 

15 

Each 

Pints  "Epoxy*  for  filling  Anchorage  and  Boll  Caps 

$11.50 

$184.00 

1-6 

i 

N  1 

1 

t 
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U;Si  ARMY  ILL-  DEIWLED  GOST  ESTIMATE 

IMPRESSED  CURRENT  CJOHODIG  PROTECTION  SYSTEM 

FOR  PIKE  IStAND  tOCK  A  D«4  MrTSl  OATES 

LBDSSLSQCP 

- - - 1 

s 

Lears 

FereiMfi 

Uan-Hrt 

Wan-Hn 

Laborer 

Man-Hra 

Miaa. 

Man-Hra 

DWQ. 

Sheet 

No. 

a 

!  16 

i 

1 

Strings 

HSCCI  Anode  Aseembliee: 

Z  O.D.  X  1 .5‘  I.D.  X  9*  Long,  Hi-Silicon  Chromium  Cast  Iron 

Anode  Strings  assembled  with  Nose  Cones  perC.O.E.  Owgs, 

Detail  on  Shoot  1  -5,  5  Sogmonts/String,  Segments  located  4'6* 
Center  to  Center  (Note:  Approx.  C-C  Spacing  is  approximate 
only,  assemble  to  center  one  segment  each  within  chambers  at  or 
below  Upper  Pool  Bovation)  assombied  on  #8  AWG,  Stranded 
Copper  Cable  with  Type  RHH/RHW/USE  Hypalon  Insulation  with 
50'  Lead  on  one  end. 

6'  Dia.  X  3‘  Deep  Type  "A'  Hi-Silcon  Chromium  Cast  Iron  Button 
Anode  factory  assembled  perC.O.E.  Drawirrg,  Detail  'D'  on  Sheet 

1  -5  (also  I-5A),  with  60’  of  #8  AWG,  Stranded  Copper  Cable  witii 
Typo  RHH/RHWAJSE  Hypalon  Insulation  connected  to  Back  of 
Anode  -  Connection  sealed  with  factory  sealing  compound  and  2 
Plastic  Compression  Washers. 

Install  4  each  at  bottom  girder  on  both  gates 

8.0 

24.0 

16.0 

16.0 

-5 

-7 

-1 

CD  > 

1  1 

03  > 

8 

2 

Assenn  biles 

40.0 

120.0 

80.0 

80.0 

1-5  & 
I-5B 

D 

D 

1  8 

i 

3 

Each 

HSCCI  Button  Anode  Mounting  Components: 

3/4*  X  3-1/2*  Long  Hex  Head  Steel  Bolt  complete  with  Nut  and  2 
-  1 -1/2*  O.D.  Std.  Steel  Washers.  Bolt  equipped  with  T  shapec 
3/16*  Dia.  Epoxy  Filling  Port  Anode  side  Washerto  have  4  -  1/8* 
X  1/16’  Slots  on  one  face  only  spaced  90  degrees  apart 

I-5B 

A 

8 

4 

Each 

3/4*  I.D.  X  3*  Long  Flanged  Nylon  Insulating  Sleeve 

I-5B 

A 

5 

Each 

Anode  mounting  hole  Plastic  Plug 

I-5B 

A 

1 

8 

i 

6 

Each 

Typo  'CGB*  Pressure  Insulating  3/4*  Threaded  Connector  suitablo 
for  #8  AWG  Insulated  Wire  specified  above. 

I-5B 

A 

1  8 

i 

7 

1 

1  Each 

1 

i 

1/8*  Thick  X  r  I.D.  X  8*  O.D.  Neoprene  Anode  Insulating  Gasket 
complete  with  sufficient  Epoxy  Cement  to  adhere  gasket  to  steel 
plate  and  anode 

I-5B 

A 

! 

8 

8 

1  Each 

] 

Button  Anode  Cabling  Protection  Assembly  consisting  of  8*  Dia.  x 
Approx  8*  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2*  Ihread-o-let  welded  to  one  side  for 
conduit  entrance. 

String  Anode  Metallic  Protection  and  Support  Components 

3-1/2*  X  3-1/2*  X  3/8*  Angle  Iron,  13’  Long 

To  be  installed  behind  periorated  plastic  pipe  protectors  for 
Anodes  1S4,  1SS,  1S6,  2S4, 2S5&2S6  only  on  both  gates 

I-5B 

K 

1 

1  ■ 

;  1 

!  '' 

9 

t 

i  Each 

4.0 

12.0 

8.0 

8.0 

1-7 

1-6 

1-1 

L 

Notai2&4 

8 

j 

10 

i  Each 

1 

6*  Wide  X  2-1/8*  Deep  x  5/16*  Thick  Steel  'U*  Channel,  1 1  ’  Long 
To  be  installed  in  front  of  perforated  plastic  pipe  protectors  for 
Anodes  1S5,  1S6. 2S5  A  2S6  only  on  both  gates 

1-6 

1-1 

R.Q, 
Note  1 

i 

4 

11 

I  Each 

1 

i 

4*  Wide  X  2-1/8*  Deep  X  5/16*  Thick  Steel  'U*  Channel,  1 1  ’  Long 
To  be  installed  in  front  of  perforated  pias^c  pipe  protectors  for 
Anodes  1S4&2S4  only  on  both  gates 

16 

12 

1  Each 

4*  Long  Steel  Pipe  'Collars'  -  Cut  from  Std.  4*  Dia.  (4-1/2*  O.D.) 
Steel  Pipe 

1-6 

1-7 

UQ 

K 

16 

13  i  Each 

1 

5*  Long  Steel  Pipe  ‘Anchorages*  -  Cut  from  Std.  2-1/2*  Dia. 
(2-7/8*  O.D.)  Steel  Pipe. 

1-6 

iN 

16 

i 

1 

1 4 i Each 

1 

5/16*  X  4* /Anchorage  Bolt  with  1  Washer  and  5/1 5*  I.D.  Ring 
Tounge  T&B*  Connector  with  9*  of  #8  AWG  Strand  Copper 
Insulated  Grounding  Cable  attached.  Also  indude  2  Plastic  Capa 
for  covering  Bolt  Hoad  and  Nut 

1-6 

N 

N  1 

16 

1  ' 

1  1 5  j  Each 

1 

Pints  'Epoxy*  for  filling  Anchorage  and  Bolt  Caps 

1-6 

! 
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FLE  CSSDSGCR _ =1^  T^q  ionrp 


1  Downstream  Surface  of  Downstream  Gates  (Both  Leafs) 

1  Dwg.  Refarencei 

FoTMfMn 

W«l<tor 

MiM. 

urtrtii 

Quant 

Unit 

Deaciintion 

Uan-Hr*. 

Uan-Hn 

Mwi-Hni 

Min-Hrv 

l■?Wi 

'IH 

String  Anode  Perforated  Ptastic  Pipe  Protectors 

16 

16 

Each 

30’  of  3'  Dia  Schedule  80  PVC  Rpe  perforated  with  1-1/2*  Dia. 

8.0 

24.0 

16.0 

16.0 

1-7 

K 

Holes  on  2*  Centers  on  1 80  Degrees  of  Pipe  Surface.  See  Detail 

1-9 

X 

Sheets. 

' 

1-6 

L.M 

112 

17 

Each 

20*  Long  x  3*  Dia.  Schedule  80  PVC  "non-perforated*  Rpe  for 
penetrations  thru  girders. 

16 

18 

Each 

3-1/2*  Schedule  80  PVC  Rastic  Rpe  Adapter  for  use  at  upper 

1-6 

L 

,  termination  of  3'  Perforated  Rpe  run. 

224 

19 

Each 

Schedule  80  PVC  Rpe  Coupling  complete  with  solvent  welding 

1-6 

L 

adhesive 

1-7 

K 

Miecellsneous  Hardware 

16 

20 

Each 

Jostyn  CaL  No.  J- 1944  Clevis  with  Insulator  No.  J-99for 
suspending  string  anodes. 

8.0 

24.0 

16.0 

16.0 

1-5 

F 

16 

211  Each 

3'  X  3'  X  3'  Lorig  Angle  Iron  Brackets  for  clevis  string  anode 

1-5 

F 

support 

1 

22 

Lot 

Conduit  Condulets,  Watertight  Conduit  Girder  Pentralion  Rttings, 
'U'  Bolt  Conduit  Clamps,  etc. 

1 

23 

Each 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Frttinga,  Hoffman  Typo  4X  Fibergiaea  Case  with  S.S.  fittings,  Cat 
No.  A— 30H2410GQLRP.  (NOTE:  One  (1)  each  is  required  for 
each  gate  leaf  or  a  total  of  four  (4)  are  required  for  the  project) 

I-8A 

1 

24 

Each 

Dual  Output  O'rcuit  Cathodk:  Protection  Rectifier  with  D.C.  output 

1.0 

1-6 

capccity  per  Circuit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circuit  In  'Ice 
Cream  Cart*  Hot  Dip  Galvanized  Case.  (NOTE:  This  rectifer 
will  actually  feed  both  the  upatream  and  downstream  surfaces  of 
one  leaf  only.  There  will  be  a  total  of  four  (4)  rectrfiers  for  the 
project) 

1-7 

! 

:  Total  of  Man— Hours  for  esoh  Labor  Claasificabon: 

69 

BffTli 

■KI31 

i 

Labor  Rate  for  each  Labor  Claaaification 

m^\ 

■1^1 

L 

EiQ^! 

25  t 

■■rij[iE»»?7fmPrTiTOT?rr.*iT^;!Trrir?rirT';i(aBBBB*BBBBMBMi 

KMill 

gggi 

1 

$34,11 6.50  TOTAL  LABOR  COST  ESTIMATE 


M16 


U  S.  ARlifr  C.E.R.L.  DETAILED  COST  ESTIMATE 
fM  PRESSED  CO  RREMT  CATMOOIG  PROTECTION  SYSTEM 

FOH  WtAMD  LOCK  A  DAM  MITEH  «lTES  ^ 


s 

SB 

iDstream  Surface  of  Uoatream  Gates  (Both  Leats] — 

Unit 

Cost 

S 

Se 

HI 

8 

1 

i 

1 

Assemblies 

Ceramic  Coated  Titanium  Anode  Assombkea 

1/8"  Diameter  Expand-a-Rod  Anode  Aaaembliea  consisting  o< 

9  Cer-Anode  Part  No.  EAR-4  Anode  Rods,  each  4  Ft  Long, 

Screw  Coupled  Together  with  Car-Anode  Part  No.  EAR-ICC-40 
Waterproof  Connector  attached  to  top  end  of  assembly  with 

40'  of  #14  Type  RHH/RHW/USE  Insulated  Stranded  Copper 

Lead  Wire  attached. 

$87Z98 

$6,983.84 

-5 

-7 

-1 

A-A" 

B-B 

:  32  i 

i 

2 

Assemblies 

1 2"  Diameter  Overall  Disk  Anode  Assembly  with  S"  Diameter 

Ceramic  Coated  Arrode  Assembly,  Cer-a-Node  Part  No.  L^. 
complete  with  Cer-a-Node  Part  No.  LSA-12-5-CC-60  Water- 
croof  submersibiy  replaceable  Connector  with  60  of  #14 
RHH/RHW/USE  Insulated  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

$502.30 

[16,073.60 

-5  & 
-5B 

D 

D 

1 

32 

3 

Each 

Ceramic  Disk  Anode  Mounting  Components: 

Button  Anode  Cabling  Protection  Assembly  consisting  of  8-  DIa.  x 
Approx.  8"  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2-thread-o-let  welded  to  one  side  for 
conduit  entrance. 

$77.00 

$2,464.00 

I-5B 

K 

1 

!  4 

1 

4 

Each 

Rod  Anode  Metallic  Protection  and  Support  Components 

3  - 1 /2"  X  3  - 1 /2*  X  3/8“  Angle  Iron,  1 0' Long - 

To  be  inataUad  behind  pariomad  plaatic  pipe  protaclon  hr 

Anodas  1S2  i  2S2  only  on  both  gataa. 

$37.01 

$148.04 

1-7 

1-6 

1-1 

1 

K 

L 

NO<M  M4 

S 

4 

5 

Each 

6"  Wide  X  2-1/8"  Deep  x  5/1 6" Thick  Steel  “U"  Channel.  16  Long  - 
To  be  installed  in  front  of  Anodes  1S2  S2S2onfyon  both  gataa 

$297.06 

$1.18824 

1-6 

1-1 

R.Q. 

Note  1 

1 

!  56 

6 

Each 

4“  Long  Steel  Pipe  "Collars'  -  Cut  from  Std.  4"  Dia  (4-1/2"  O.D.) 
Steel  Pipe 

$8.80 

$49280 

I-6 

1-7 

L,Q 

K 

8 

7 

Each 

5"  Long  Steel  Pipe  “/Anchorages"  -  Cut  from  Std.  2-1/2"  DIa. 
(2-7/8' O.D.)  Steel  Pipe. 

$38.23 

$289.84 

I-6 

N 

8 

8 

Each 

5/1 6“  X  4*  Anchorage  Bolt  with  1  Washer  and  5/1  ?  I.D.  Ring 
lounge  •TAB"  Conr>ector  with  9“  of  #8  AWQ  Strand  Copper 
Insulated  Grounding  Cable  attached.  Also  include  2  Ptaabc  Caps 
for  covering  Bolt  Head  and  NuL 

$923 

$73.84 

I-6 

N 

I  8 

9 

Each 

Pints  “Epoxy"  tor  filling  Anchorage  and  Bolt  Capa 

$11.50 

$92.00 

I-6 

N 

3 

j 

10 

Each 

String  Anode  Perforated  Plastic  Pipe  Protectors 

3'  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with  1  -1/2"  Dia 
Holes  on  2"  Centers  on  180  Degress  of  Pipe  Surface.  See  Detail 
Sheets. 

$197.00 

$1,576.00 

I-7 

I-9 

I-6 

K 

X 

L.M 

i 

1  56 

11 

Each 

20"  Long  x  3"  Dia.  Schedule  80  PVC  "non-perforsted"  Pipe  for 
Penetrations  thru  girders. 

$4.60 

$257.60 

a 

12 

Each 

3-1/2"  Schedule  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
termination  of  3"  Perforated  Pipe  run. 

$15.30 

$12240 

I-6 

L 

112 

!  13 

i 

Each 

Schedule  80  PVC  Pipe  Coupling  complete  with  solvont  welding 
adheeive 

$12,50 

$1,400.00 

I-6 

I-7 

L 

K 

8 

i 

Each 

Mlacellaneous  Hardware 

Joslyn  Cat.  No.  J-1944  Clevis  with  Insulator  No.  J-99tor 
suspending  string  anodes. 

$4.50 

$36.00 

I-5 

F 

8 

! 

I  15 

Each 

3"  X  3"  X  3"  Long  /Angle  Iron  Brackets  for  clevis  string  anode 
support. 

$3.86 

$30.88 

I-5 

F 

1 

1 

Lot 

Conduit,  Condulets,  Watertight  Conduit  Girder  Pentralion  Fittings, 
"LT  Bolt  Conduit  Clamps,  etc. 

$1,000.00 

$1,000.00 

1 

17 

Each 

44  Tetminal  (with  0.01  ohm  Shunts)  Anode  Totminai  Box  with  ail 
Fittings,  Hoffman  Type  4X  Fiberglass  Case  with  S.S.  fittings.  Cat 
No.  A-30H2410GQLRP. 

$929.00 

$929.00 

I-8A 

1 

18 

Each 

Dual  Output  Circuit  Cathodic  Protection  Rectifier  wHh  D.C.  output 
capacity  per  Circuit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circuit  in  lea 
Cream  CarT  Hot  Dip  Gahranized  Case,  (NOTE:  This  rectifier 
will  actually  feed  both  the  upstream  and  downstream  surtacea  of 

oneleafonly.  There  will  be  a  total  of  four  (4)  rectifiers  for  all 
four  (4)  gate  leevec.) 

$2,361.00 

$2,361.00 

I-6 

1-7 

1 

1£ 

Lot 

Contigency  for  Freight  Breakage,  Spares,  lost  Componettls,  etc. 

- -  S40.846.9t 

^ESMn: 

$5,327.8< 

TLS.  CO 

i 

ST  ES 

TIMATE 
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1  Uostream  Surface  of  UDStream  Gates  (Both  Leafs) 

j  Dwg.  Reference' 

Item 

Wa4Mar 

LWanr 

Utoa. 

ll{ggl|| 

Quafil 

.  No. 

Un» 

Deecriptkm 

Man-Wt. 

Man-Hr*. 

Uan-Wt. 

Man-Ma. 

Man-Wa. 

a 

1 

Assembliai 

a  1/8*  DtamotarExpand-a-Rod  Anode  Assambies  conaiatingof 

8.0 

20.0 

12.0 

12.0 

1-5 

1 

i 

9  Cer-Anode  Part  No.  EAR -4  Anode  Rods,  each  4  Ft  Long, 

1-7 

“A-A” 

Screw  Coupled  Topether  with  Cer-Anode  Part  No.  EAR-ICC-40 
Waterproof  Connector  attached  to  top  end  of  aasembly  wHh 

40’  of  #14  Type  HHHyRHWAJSE  Inaulated  Stranded  C^per 

1-1 

“B-B” 

Lead  Wire  attached. 

32 

2 

Assemblitti 

12*  Diameter  Overall  Disk  Anode  Assembly  with  S*  Diameter 

16.0 

48.0 

32.0 

32.0 

I-5& 

D 

Caramic  Coated  Anode  Aasembty.  Car— a- Node  Part  No.  LSA, 
comptete  wHh  Cer-a- Node  Part  No.  LSA— 12— 5— CC-60  Wator- 
proof  submeraifafy  replaceable  Connector  with  60'  of  #14 
RHH/RHWAJSE  Insiiatod  Stranded  Copper  Lead  Wlra  attached 
Plastic  Compreeeion  Washers. 

I-5B 

D 

Ceramic  Oiek  Ancxie  Hoiailing  Component: 

32 

3 

Each 

Button  Anode  CebUng  Protection  Assembly  correating  of  8*  Die.  x 
Approx.  8*  Long  Schedule  40  Pipe  Threaded  on  one  end  and  littsc 
with  pipe  cap  and  1/2*  thread-o-M  welded  to  one  side  lor 
condut  entrance. 

** 

*a 

til 

•• 

I-5B 

K 

Hod  Anode  Uatalic  Protection  and  Support  Comporwnta 

4.0 

12.0 

8.0 

8.0 

4 

Each 

3-1/2-  X  3- 1/2"  X  3/8-  Angie  Iron,  10’  Long  - 

1-7 

K 

To  bo  instaJM  behind  porforaiod  piaatic  pipe  protectofa  for 

1-6 

L 

1 

Anodas  1S2  i  2S2  only  on  both  galas. 

1-1 

Nota$24i4i 

4 

I 

5 

Each 

5*  Wide  X  2- 1/8“  Deep  x  5/18*  Thick  Steel  U*  Channel,  16'  Long  - 
To  be  inataUed  in  front  of  Anodes  1S2  A  2S2onlyon  both  galea 

*** 

«•« 

*•* 

«*• 

1-6 

R.Q. 

1-1 

Note  1 

1 

6 

Each 

4-  Long  Steel  Pipe  -CoHars-  -  Cut  from  Std.  4"  Dia.  (4-1/2"  O.D.) 
Steel  Pipe 

... 

... 

•** 

*** 

1-6 

L,Q 

1-7 

K 

'  8 

i 

7 

Each 

5*  Long  Steel  Pipe  “Anchoragae"  -  Cut  from  Std.  2-1/2“  Dia. 
(2-7/8“  O.D.)  Steal  Pipe. 

... 

**a 

1-6 

N 

i  8 

j 

8 

Each 

5/16“  X  4“  Anchorage  Bolt  with  1  Washer  and  5/15“  I.D.  Ring 
Tounge  “T&B*  Connector  with  9“  of  #8  AWQ  Strand  Copper 
Imulated  Qroundrig  Cable  remched.  Also  include  2  Plastic  Ceps 
for  cowsring  Bolt  Head  and  Nut 

••• 

... 

•  a* 

1-6 

N 

1  8 

1 

9 

Each 

Pints  “Epoxy"  tor  filling  Anchorage  and  Bolt  Cape 

•  a# 

aaa 

1-6 

N  ! 

1 

1 

String  Anode  Paifonted  Plastie  Pipe  ProtacSors 

8.0 

24.0 

16.0 

16.0 

i 

1 

8 

10 

Each 

3“  Dia.  X  30'  Long  Schedule  80  PVC  Pips  perforated  with 

1-7 

K 

1 

1-1/2“  Dia.  Holes  on  2“  Centers  on  180  Degrees  of  Pipe  Surface. 

1-9 

X 

; 

See  Detail  Sheets.  IrrcKides  Items  No.  15. 16. 17  A  18  **** 

1-6  ! 

LM  1 

56 

11 

Each 

20“  Long  x  T  Dia.  Schedula  80  PVC  “non-perfcxatorf  Pipe  tor 
penetrations  thru  girders. 

**•* 

**** 

**** 

aaaa 

i 

8 

1 

12 

Each 

3-1/2“  Scheduls  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
terminalion  of  3“  Perforated  Pipe  run. 

***• 

**a* 

***a 

aaaa 

1-6 

L 

i  112 

13 

Each 

Scheriule  80  PVC  Pipe  Coupling  complete  with  sohrent  weldrig 

**•* 

*•** 

aaaa 

1-6 

L 

adhesiire 

1-7  ' 

K 

1 

MieoeHeneouB  Hefdwirv 

8.0 

24.0 

16.0 

16.0 

8 

14 

Each 

Joelyn  Cat  No.  J-1944  Clevis  with  Inaulelor  No.  KS-25  tor  sue- 

1-5 

F 

pending  string  anodes.  Inckrdes  Items  No.19.  20, 21. 22  &  23****‘ 

j  s 

i 

15 

Each 

3“  x  3“  X  3“  Long  Angle  Iron  Brackets  for  clevis  string  snode 
support 

1-5 

F 

1 

16 

Lot 

Conduit  Condulets.  Watertight  Conduit  Girder  Pentration  Fittinga, 
U“  Bolt  Conduit  Clamps,  etc. 

aaaaa 

1 

17 

Each 

44  Terminai  (with  0.01  ohm  Shunts)  Anode  Terminaj  Box  with  all 
~ittings,  Hoffman  Type  4X  Fiberglass  Case  with  S.S.  fittings,  Cat 
No.  A-30H2410QQLnP. 

aaaaa 

I-8A  1 

1 

18 

Each 

Dual  Output  Circist  Cathodic  Protection  Rectifier  with  D.C.  output 

..... 

aaaaa 

1-6  i 

capacty  per  Circiit  of  10  Amperes  at  24  Volts,  manual  tap 
sdjustmant  of  output  voltage  in  20  steps  for  each  circuit  in  Ice 
Cream  Caiir  Hot  Dip  Qalvanizsd  Casa. 

1-7 

. . . . 

42 

128 

64 

84 

T'  "!T:7'''T  i'l  ■".'.III  .'i'.'.’mSBMBBMHMBBBI 

$75 

sea 

$55 

$45 

$50 

'  ■  If  '  Varf.-  ac  1  •'  !  ‘  “".11 '.Vit-i ‘ 

■E1ES3I 

KIESsli 

lEBsSn 

1 

HHHHI 

MHHII 

HMHHil 

HHHHI 

i 

' 

1 

19 

J315i 

^  $462| 

-  $378t 

1 

' 

i  $21 .153.00  TOTAL  LABOR  COST  ESTIMATE  1 
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m\ 

L 

Unft 

Uni  "■ 
Cost 

ExtanrieiJ’ 

Cost 

Pil 

161 

; 

1 

Assemblies 

Comnc  Coated  manaan  Anooa  Aanaibiaa 

1/8“  Diame*er  Expand-a-Rod  Anode  Asaembtaa  consialing  c4 

9  Car-Anode  Part  No.  EAR-4  Anode  Rods,  each  4  Ft.  Long, 

Screw  Coupled  Together wHh  Car-Anode  Part  No.  EAfl-ICC-40 

Waterproot  Connerrtor  attached  to  top  end  of  assembly  wNh 

40'  of  #14  Type  RHH/RHWAJSE  Insulated  Stranded  Copper 
.sad  Wire  attached. 

$872.98 

t13.967.68 

-5 

-7 

-1 

A-A" 

B-B 

a 

2 

Assembliea 

12"  Diameter  Overaii  Disk  Anode  Aesembiy  with  S'  Diameter 

Ceramic  Coated  Anode  Aasemb^,  Car— a—  i4ode  Part  No.  LSA, 
compiete  wHh  Cer-a-Node  Part  No.  LSA-12-5-CC-60  Water- 
proo^  submeralbty  replaoeabie  Connector  with  80‘  of  #14 
RHH/RHW/USE  Ins  Jatod  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

$502.30 

$4,018.40 

-5i 

-5B 

D 

□ 

! 

8 

1 

3 

Each 

CacMnic  Oiak  Anode  Mounting  Componante: 

Button  Anode  Cabling  Protection  Assembly  eonseting  of  S’  DIa.  x 
Approx.  8“  Long  Scheduls  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2"  thread-o-lef  welded  to  one  aide  for 
condut  sntrance. 

$77.00 

$616.00 

-5B 

K 

12 

4 

Each 

Rod  Anode  Mateiic  Pioteetion  end  Support  Componarta 

a-l/^xa-l/yxS/O"  Angle  Iron,  10'  Long  - 

To  ba  instalhd  behind  parioraMd  plastic  pipa  protacton  for 

Anodee  1S2i2S2  only  on  both  gam. 

$37.01 

$444.12 

1-7 

1-6 

1-1 

K 

L 

N0lttM4 

6 

5 

Each 

6*  Wide  X  2- 1/8-  Deep  x  S/ia*  Thick  Steel  U'  Channel,  16'  Long  - 
To  ba  installed  in  front  of  parforatad  pleatie  pipe  protacton  for 
Anodes  IS5.  1S6, 2S5  A  2S6onlyon  both  gam 

$214.75 

$1,718.00 

1-6 

1-1 

R.Q. 
Note  1 

16 

6 

Each 

A-  Long  Steal  Pipe  "Collars"  -  Cut  from  Std.  4"  Dia.  (4-1/2"  O.D.) 
Steel  Pipe 

$8.80 

$140.80 

1-6 

1-7 

L.Q 

K 

16 

7 

Each 

5"  Long  Steel  Pipe  "/Vnehoragea"  -  Cut  from  Std.  2-1/2"  Dia. 
(2-7/8"  O.D.)  Steel  Pipe. 

$36.23 

$579.68 

1-6 

N 

i 

16 

8 

Each 

5/1S"  X  4"  Anchorage  Bolt  wHh  1  Washer  and  5/15"  1.0.  Ring 

Tounga  TiB"  Connector  with  8"  of  #8  AWQ  Strand  Copper 
Inaulatad  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  cowsring  Bolt  Head  and  Nut 

$9.23 

$147.68 

1-6 

N 

!  16 

9 

Each 

Pints  "Epoxy"  for  filirtg  /Vnchorage  and  Bolt  Caps 

$11.50 

$184.00 

1-6 

N 

16 

10 

Each 

String  Anods  Periondml  Plastic  Pipe  Protectoia 

3"  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with  1  - 1/2"  Dia 
Holea  on  2"  Centers  on  180  Dsgrees  of  Pipe  Surface.  See  Detail 
Sheali. 

$197.00 

$3,152.00 

1-7 

1-9 

1-6 

K 

X 

L.M 

112 

11 

Each 

20"  Long  x  3"  Dia.  Schedule  80  PVC  "non -perforated"  Pipe  for 
penatratiora  thru  gilders. 

$4.60 

$515.20 

16 

1  12 

Each 

3-1/2"  Schedule  80  PVC  Plaabc  Pipe  Adapter  for  use  at  upper 
termlrtation  of  3"  Perforated  Pipe  run. 

$15.30 

$244.80 

1-6 

L 

224!  13 

Each 

Schedule  80  PVC  Pipe  Coupikig  complefe  with  solvent  weldrtg 
adhssivs 

$12.50 

$2,800.00 

1-6 

1-7 

L 

K 

16j  14 

Each 

MliCBlIeneoui  llerdwere 

JostynCM.  No.  J-1944  Ctevis  with  Insulator  No.  J-99for 
suspending  string  arades. 

$4.50 

$72.00 

1-5 

F 

16 

j  15 

Each 

3"  X  3"  X  r  Long  /Vngle  Iron  Brockets  for  clevis  string  anode 
support 

$3.86 

$61.76 

1-5 

F 

;  1 

16 

Lot 

Conduit  ConduMs.  Watsrtight  Conduit  Girder  Penlration  Fittings. 
■V  Bolt  Conduit  Clamps,  sic. 

$1,000.00 

$1,000.00 

1  !  17 

Each 

44  Tsrmlnal  (wkh  0.01  ohm  Shunta)  Anode  Terminal  Box  with  all 
Fidinga,  Hoffman  Type  4X  Rber^aaa  Case  with  S.S.  fittln(^.  Cat. 
No.  A-30H2410GQLRP. 

$929.00 

$929.00 

I-8A 

1 

1 

1 

i 

18 

1 

! 

1 

i 

Each 

Dual  Output  Circiit  Cathodic  Protaetion  Rectifiar  wHh  D.C.  output 
capacly  per  Circiit  of  10  /imperas  at  24  Volts,  manual  tap 
adjustment  of  output  woltago  In  20  steps  for  each  ckciit  ki  Ice 
Cream  CaiT  Hot  Dip  Gafvanized  Case.  (NOTE:  This  rsctWer 
will  actually  feed  both  the  upstream  and  downrtrsam  surfaces  of 
oneleMonly.  There  will  be  a  total  of  four  (4)  rectilers  for  all 
four  (4)  gate  leaves.) 

$2,361.00 

$2,361.00 

1-6 

1-7 

1  IS 

Lot 

Contigancy  for  FroigM,  Broakag*.  SparM.  Lost  Components,  etc. 

15.081 

$4,942.82 

t37.894.94  TOT.  MAT’LS.  COST  ESTIMATEI 
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ARUY  &E.R.L.  DETAILED  COST:  ESTIMATE 
IMPRESSED  CUm^NT  CATTIOOiC  PROTECTION  SYSTEM  ^  ^ 

FOR  PWEtSLAND  tOG«  A  DMI ICTBI  QATK 
Pt«WIED8y;C6mimCo«nil«nia«.Jnc.  l»nPICIPMLBIQIWgR:J»iB»B.Btalw»n 


UDstream  Surface  of  UDStream  Gates  IBoth  Leafs) 

Ottlitnr-f 

i  Dwa.  RafartnctI 

Quart 

item 

1 

Ihiii  iiT  il 

IwMfitr 

LaSom 

Mac. 

■■2IS3 

FTJSSr 

L  No. 

Unit 

Descriition 

ICSBS9 

■fUn-Hr«. 

Uan-Hn. 

No. 

Nos. 

Cecamic  Coaled  Titaniian  Amda  Anambiai 

ie 

)  1 

1  Assemblie 

*  1/8"  DismotorExpond-a-Rod  Anode  Asaomblieeconaisbng  of 

12.( 

)  24.C 

)  24.( 

)  24.C 

) 

1-5 

1 

9  Cer-Anode  Part  No.  EAR-4  Anode  Rods,  each  4  Ft  Long, 
Screw  Coupled  Together  with  Cer-Anode  Part  No.  EAR-ICC-4fl 

1 

1-7 

<  CO 

1  1 

<  CD 

Waterproof  Connector  attached  to  top  end  of  assembly  with 

40’  of  #14  Type  RHH/RHW/USE  Insulatsd  Stranded  Copper 

1-1 

Lead  Wire  attached. 

e 

1  2 

:  Assemblie 

9  12*  Diameter  Overall  Disk  Anode  Assembly  with  5*  Diameter 

4.C 

I  6.G 

I  8.C 

I  8.0 

1-5  i 

D 

Ceramic  Coated  Anode  Assembly,  Car-a-Nods  Part  No.  LSA, 
complete  with  Cer-a-No<ls  Part  No.  LSA-12-5-CC-80  Water¬ 
proof  submersibly  replacaabla  Connector  with  60'  of  #14 
RHH/RHWAJSE  Insulatsd  Stranded  Copper  Lead  Wks  attached 
Plastic  Compression  Washers. 

■ 

I-5B 

D 

Cetamic  Oiak  Anode  Moulding  Cotnponatds: 

8 

3 

Each 

Button  Anode  Cabling  Protection  Assembly  consisting  ot  8"  Dia.  x 
Approx.  8*  Long  Schedule  40  Pipe  Threaded  on  one  end  and  frttec 
with  pipe  cap  and  1/2"thread-o-letwelded  to  onestde  for 
conduit  entrance. 

tk 

* 

* 

• 

I-5B 

K 

Hod  Anode  Mafalic  Protaclion  and  Support  Componetda 

12.0 

24.0 

24.0 

24.0 

12 

4 

Each 

3-1/2"x  3-1/2*  X  3/8*  Angle  Iron,  10'  Long  - 

1-7 

K 

To  be  instated  behind  perforated  plastic  pipe  pmlaclon  for 

1-6 

L 

Anodes  IS2  A  2SS  onfy  ryt  both  gales. 

1-1 

Nous  24>4 

8 

5 

Each 

B*Widex2-1/8*  Deepx5/1B*  Thick  Steel  *U*  Channel,  16'  Long  - 
To  be  instated  in  front  of  perforated  ptastic  pipe  protectors  for 

*• 

1-6 

R/Q. 

Anodes  1SS,  1S8, 2SS  A  2S6  only  on  both  galea 

1-1 

Note  1 

16 

6 

Each 

4*  Long  Steal  Pipe  *Colhrs"  -  Cut  from  Std.  4*  Die.  (4-1/2*  O.D.) 
Steel  Pipe 

.. 

«• 

** 

1-6 

L,Q 

16 

7 

Each 

5*  Long  Steel  Pipe  *Artchoragee'  -  Cut  from  Std.  2-1/2*  Dia. 

1-7 

K' 

(2-7/8*  O.D.)  Steel  Pipe. 

•• 

•• 

•• 

•• 

1-6 

N 

16 

8 

Each 

1 

5/1 6*  X  4*  Anchorage  Bolt  with  1  Waaher  and  5/15*  I.D.  Ring 
Toungs  TiB*  Connector  with  9*  of  #8  AWO  Strand  Copper 
Insubled  Orounding  Cable  attached.  Also  induds  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut. 

1 

*• 

•• 

•• 

1-6 

N 

16 

9 

Each 

Pints  *Epoxy*  for  filing  Anchorage  and  Bolt  Caps 

** 

** 

*• 

1-6 

N 

Siring  Anode  Pertoratod  Plastic  Pipe  PreSacSon 

16.0 

32.0 

32.0 

32.0 

16 

10 

Each 

3*  Dia.  X  30'  Lrjng  Schedule  80  PVC  Pipe  perforated  with 

1-7 

■■K 

1-1/2”  Dia.  Hoiea  on  2”  Cantera  on  180  Dagreas  of  Pips  Surface. 

1-9 

X 

See  Oetal  Sheate.  Induries  Items  No.  15. 16, 17  A  18  **** 

i-6 

LM 

j  112 

11 

Each 

20"  Long  x  3"  Dia.  Schedule  80  PVC  “non-perforatwf  Pipe  tor 
penetrationB  thru  girders. 

... 

•  ** 

**• 

*** 

16 

12 

Each 

3-1/2”  Schedule  60  PVC  Ptastic  Pipe  Adapter  for  use  at  upper 
termination  of  T  Perforated  Rpe  run. 

**• 

**• 

**« 

... 

1-6 

L 

224 

13 

Each 

Schedule  80  PVC  Pipe  Couping  complete  with  solvent  welding 

*** 

... 

*** 

*** 

1-6 

L 

adhastvs 

1-7 

K 

Mlapellanaoua  Hardware 

8,0 

24.0 

16.0 

16.0 

16 

14 

Each 

JoslynCaL  No.  J-1944Cleviswith  InsuldorNo.  KS-25  for  sus¬ 
pending  string  anodes.  Includes  Items  No.19, 20, 21 . 22  &  23****‘ 

1-5 

F 

16 

15 

Each 

3*  X  3”  X  3*  Long  Angle  Iron  Brackets  for  clevis  string  anode 
support 

1-5  ■ 

F 

1 

16  . 

Lot  1 

Condut.  Condulets,  Watertight  Condut  Girder  Psntiation  Fittings. 
'U*  Bolt  Condut  Clamps,  etc. 

1 

17  1 

Each 

1 

1 

44  Termrial  (wHh  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings,  Hoffman  Type  4X  Rberglan  Case  with  S.S.  fittingB.  CaL 
No.  A-30H2410QQLRP. 

I-8A 

1 

18  I 

Each  1 

Dual  Output  Circut  Cathodk:  Protection  Rectifier  with  O.C.  output 

1.0 

1 

1-6 

( 

i 

( 

capacity  per  Circul  of  10  Amperes  at  24  Volts,  manual  tep 
idjuitrnent  of  output  voltage  in  20  steps  for  each  ctrcui.  to  Ice 
3ream  Carf  Hot  Dip  Qatvanized  Case. 

1 

1-7 

.  i-ii  '  ’-'..i  . i 

53 

112 

104 

104 

STS 

$60 

$55 

$45 

$50 

~$3.WS  ■ 

$6,720 

$4,680 

- 

Hlilllllllllllll^ 

UteMMUl 

1 

10.0%  Contigencrlorwaathar  Mays,  ate.:  i 

s:»bI 

$468 

$23,204.50  TOTAL  LABOR  COST  ESTIMATE 
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1  AssemblieJ  l/T  Dtametef  Expand-a-Rod  Anoda 

1 1  C«f-Anode  Part  No.  EAR-4  Anoda  Rods,  aach  4  Ft  Lotq. 
Screw  Couplad  Togatharwith  Car-Anods  Part  No.  EAR-ICC-40 
Waterproof  Connector  attached  to  top  and  of  assarnbly  witn 
40'  of  #14  Typa  RHH/RHWAJSE  Insulated  Stranded  Copper 
Lead  Wire  attached. 


2  AssembI 


Coat  1  Coat 


$1,054.21  $8,433.68  1-5  I 

1-7  "A-A' 

■B-B 

1-1 


12"  Diamatar  Overall  Disk  Anoda  Assarnbly  with  5"  Dramater 
Ceramic  Coated  Artoda  Assembly,  Car-a-Noda  P^No. 
complete  with  Car-a-Node  Part  No.  >-SA-«^-pC-60  Water¬ 
proof  submatsibly  raplaoeabla  Conrtactor  with  60  of  #14 

RHH/RHWAJSE  InaJatod  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

Catamic  DWc  Anoda  Motmting  Componatds: 

Button  Anoda  Cabling  Protactioo  Assembly  consisling  of  8-  Dia.  x 
Approx  8-  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2“  thread-o-let  welded  to  one  side  for 
condui  •ntrar>c6. 

Rod  /knode  Uetalic  Protaction  and  Support  ComponanSs 

3-1/2“x3-1/2“x3/8“Anglalron,  10' Long  - 

To  ba  installed  bahmd  pariontad  plaatic  pipa  pmtacton  for 

Anodaa  1S2  S  2S2  only  on  both  gataa. 

6“  Wide  X  2- 1/8“  Deep  x  5/16“  Thick  Steel  “U"  Channel.  16'  Long  - 
To  bainataUad  in  front  of  Anodaa  fS2  S  2S2  only  on  both  gataa 

4*  Long  Steel  Pipe  “Collanf  -  Cut  from  Std.  4“  Dia.  (4-t/2“  O.D.) 
Steal  Pipe 

5“  Long  Stool  Pipe  “/knehorages"  -  Cut  from  Std.  2-1/2"  Dia. 
(2-7/8“  O.D.)  Stool  Pipe. 

5/16“  X  4“  /krtchorage  Bolt  with  1  Washer  and  5/15*  I.D.  Ring 
Tounge  “TiB“  Connector  with  »■  of  #8  AWG  Strand  Copper 
Insudted  Qroundhg  Cable  attached.  Also  inckido  2  Plastic  Caps 
for  covering  Bolt  Hoad  and  Nut 

Pints  “Epoxy"  for  fillrg  Anchorage  and  Bolt  Caps 

String  Anode  Perforated  Pbteic  Pipe  ProSectora 

T  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with  1-1/2"  Dia 
Holes  on  2"  Centers  on  180  Degrees  of  Pipe  Surface.  See  Detail 
Sheets. 

20“  Long  x  3"  Dia.  Schedule  80  PVC  “non-pertorated"  Pipe  lor 
penetrabons  thru  girders. 

3-1/2"  Schedule  80  PVC  Plaatic  Pipe  Adafter  for  use  at  upper 
termination  of  3"  Perforated  Pipe  run. 

SchedulB  80  PVC  Pipe  Coupling  complete  with  solvent  weldhg 

adheshre 


Joslyn  Cat  No.  J-1944  Clevis  with  Insulator  No.  J-99  for 
suspending  string  anodes. 

3"  X  3“  X  3“  Long  /kngle  Iron  Brackets  for  clews  string  anode 
support 

Conduit  Condulets.  Watertight  Conduit  Girder  Pentrabon  Fittings, 
tr  Bolt  Conduit  Clamps,  etc. 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittinga,  Hoffman  Type  4X  Fiberglass  Case  wHh  S.S.  fittings.  Cat 
No.  A-30H2410GQLHP. 

Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 
capacly  per  Circiit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltago  in  20  steps  for  each  circuit  in  “Ice 
Cream  Cart"  Hot  Dip  Qahranized  Case.  (NOTE:  This  recimer 

will  actually  feed  both  the  upstream  and  downdream  surfaces  of 
oneleafonly.  There  will  be  a  total  of  four  (4)  recbiers  for  all 

four  (4)  gale  leaves.) 

Conbgency  for  Freight  Breakage,  Spares,  Lost  Components,  etc. 


$502,30  $20,092,00  1-5  i  D 
I-5B  D 


$77.00  $3,080.00  I -5B  K 


$37.01  $148.04  1-7  K 

1-6  L 

i  —  1  MtXta  Mi4 

$297.06  $1,188.24  1-6  R.Q, 

I  - 1  Note  1 

$8.80  $492.80  1-6  L.Q 

1-7  K 

$36.23  $289.84  1-6  N 


$9Jt3  $73.84  1-8  N 


$11.50  $92.00  1-6  N 


$197,00  $1,576.00  1-7  K 
1-9  X 
1-6  L.M 

$4.60  $662.40 


$15.30  $122.40  1-6  L 


$12.50  $3,600.00  1-6  L 
1-7  K 


$36.00  1-5 


$30.88  1-5 


$1,000.00  $1,000.00 


$929.00  I -8A 


$2,361.00  $2,361.00  1-6 
1-7 


15.0%  $6,631.22 


U.&  Aia4Y  C;E.H.E;  DETAILEQ  COST  ESTIMATE 
IMPRESSED  CURREMT  CATHODIC  PROTECTION  SYSTEM 
FORPIKE  IStAM}  LOCK  A  DAU  MITER  GATES 
PRa»ARa>  BY:  CmT|iroCoropani»«,  lnc;  :  PRINCIPAL  ENGINEER:  Jamea  B.  Bushman 


1  Upstream  Surface  of  Upstream  Gates  (Both  Leafs) 

1  Dwq.  Referencei 

Unt 

Description 

liUn-»M. 

n 

Mte. 

Uan-Hri. 

Igjgg 

■Bl 

IffRWI 

Ceramic  Coated  rsanium  Anode  Aasamtiiss 

s 

1 

Assamblis! 

1/8*  Diameter  Expand-a-Rod  Anode  Aasembfea  consisting  of 

6.0 

18.0 

12.0 

12.0 

1-5 

h 

I 

11  Cer-Anode  Part  No.  EAR-4  Anode  Rods,  each  4  FL  Long, 

1-7 

■A-A" 

Screw  Coupled  Together  with  Cer- Arxide  Part  No.  EAR  -  ICC  -40 
Waterproof  Connector  attached  to  top  end  of  aaaembly  with 

40'  of  #14  Type  RHH/RHWAJSE  Insulated  Stranded  Copper 

1-1 

l-B-B" 

j 

Lead  Wire  attached. 

40 

i  2 

Assembiba 

12*  Diameter  Overail  Disk  Anode  Assembly  wHh  5*  Diameter 

20.0 

60.0 

40.0 

40.0 

1-5& 

D 

i 

Ceramic  Coated  Anode  Aaaembiy.  Cer-a-Node  Pait  No.  ISA. 
compkrte  with  Cer-a-Node  Part  No.  LSA-12-5-CC— 60  Water 
proof  aubmeraibly  replaoeabte  CorK>ector  with  60'  of  #  1 4 
RMH/RHW/USE  Insulated  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

1-5B 

D 

Ceramic  Oiak  Anode  Motsiting  Componenta; 

40 

3 

j 

Each 

Button  Anode  Cabling  Protectkxi  Aaaembly  consisting  of  8*  Dia.  x 
Approx.  8’  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fittec 
wHh  pipe  cap  and  1/2*  thread-o-let  welded  to  one  side  for 
condut  entratKO. 

* 

* 

1-58 

K 

! 

Rod  Anode  llntnlir  Protection  and  3t^>port  Componante 

4  0 

12.0 

8.0 

8.0 

4 

4 

Each 

3-1/2*  X  3-1/2“  X  3/8"  Angle  Iron,  10'  Long  - 

i-7 

K 

To  be  installed  behind  perforated  plastic  pipe  protectors  for 

1-6 

L 

Anodes  1S2i  2S2  only  on  both  gsles. 

1-1 

Nolai  aii4 

4 

5 

Each 

5“  Wide  X  2-1/8*  Deep  x  5/16*  Thick  Steel  “U“  Channel,  16'  Long  - 
To  be  installed  in  front  of  Anodes  1S2  A  2S2  only  on  both  gates 

*• 

.. 

1-6 

R.Q, 

1-1 

Note  1 

6 

6 

Each 

4"  Long  Steel  Pipe  ■CoHars"  -  Cut  from  Std.  4"  Dia.  (4—1/2"  O.D.) 
Steel  Pipe 

*• 

•• 

.. 

.. 

1-6 

L.Q 

1-7 

K 

8 

7 

Each 

5"  Long  Steel  Pipe  "ArKhorages*  -  Cut  from  Std.  2-1/2*  Dia. 
(2-7/8*  O.D.)  Steei  Pipe. 

•  • 

*• 

** 

•• 

1-6 

N 

8 

8 

Each 

5/16*  X  4*  Anchorage  Bolt  with  1  Washer  and  5/15*  1.0.  Ring 
Tounge  T&B"  Connector  with  9"  of  #6  AWQ  Strand  Copper 
Insulated  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  cowering  Bolt  Head  and  Nut. 

•  • 

•  • 

•• 

•• 

1-6 

N 

8 

9 

Each 

Pints  "Epoxy*  lor  filling  Anchorage  and  Bolt  Caps 

•• 

•« 

•  * 

r-6 

N 

String  Anoda  Perforated  Plastic  Pipe  Protectora 

8.0 

24.0 

16.0 

16.0 

8 

10 

Each 

3*  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with 

1-7 

K 

1-1/2"  Dia.  Hoiea  on  2*  Centers  on  180  Degrees  o<  Pipe  Surface. 

1-9 

X 

Sea  Detail  Sheets.  IrKludes  Items  No.  15, 16. 17  &  18  **** 

1-6 

L.M 

m 

11 

Each 

2Cr  Long  x  3"  Dia.  Schedule  80  PVC  "Tion- perforated"  Pipe  for 
penetrations  thru  girders. 

8 

12 

Each 

3-1/2”  Schedub  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
termination  of  3*  Perforated  Pipe  run. 

1-6 

L 

288 

13 

Each 

Schedule  80  PVC  Pipe  Coupling  complete  wHh  solwent  weidrig 

1-6  :L 

adheshre 

1-7 

K 

IliaceManeoui  Hardware 

8.0 

24.0 

16.0 

16.0 

8 

14 

Each 

vloslyn  Cat  No.  J-1944  Clevis  with  Insulator  No.  KS-25  for  bus- 

1-5 

F 

pending  string  anodes.  Irtcludes  Items  No.19,  20,  21 . 22  &  23****’ 

8 

15 

Each 

3"  X  3"  X  3"  Long  Angle  Iron  Brackets  for  clevis  string  ar>ode 
support 

1-5 

F 

1 

16 

Lot 

Conduit.  Condulets.  Watertight  Conduit  Girder  Pentratlon  Fittings. 
"U*  Bolt  Conduit  Clamps,  etc. 

1 

17 

Each 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings,  Hoffman  Type  4X  Rberglaas  Case  with  S.S.  fittings,  Cal. 
No.  A-30H2410QQLRP. 

I-8A  ; 

1 

18 

Each 

Dual  Output  Circiit  Cathodic  Protection  Rectifbr  with  D  C.  output 

1-6  i 

capacfty  per  Circuit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circiit  in  Ice 
Cream  CarT  Hot  Dip  Galvanized  Case. 

1-7  i 

Total  of  Han-Houm  lor  aacfi  labor  cfasaiRcatkm: 

48 

138 

92 

92 

i 

Labor  Rata  tor  aacii  Labor  Ctaaslficaboo: 

*75 

*60 

$55 

*45 

$50 

1 

Baao  Labor  Coaf  Eatiraata  for  sacb  Labor  ClaaadKatioa: 

$3,450 

*8^80 

*5,060 

$4,140 

1 

1 

1 

19 

10.0%  ConBoencnf  fc>f  wetlxwr  ctetav.  ! 

*345 

$S2S 

*506 

*414 

* 

$23,023.00  TOTAL  LABOR  COST  ESTIMATE 
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imm 


1  Assomblioa  1/8"  Diameter  Expand-a-Rod  Anode  AaaemWieeoofwrtngo* 

6  Car-Anode  Part  No.  EAR-4  Anode  Rode,  each  4  FI.  Long 
Screw  Coupled  Together  with  Cer-Anode  Part  No.  EAH-ICC-40 
Waterproof  Connector  attached  to  top  end  of  assembly  with 
40'  of  #14  Type  RHH/RHWAJSE  Insulated  Stranded  Copper 
Lead  Wire  attached. 

2  Assemblies  12"  DiaiTieter  Overall  Disk  Anode  Assembly  S' . 

Ceramic  Coated /^node  Assembly,  Cer-s-Node  Part  No.  LSA, 
completB  with  Cer-a-Node  Part  No.  LSA-12-5-CC-60  Water- 
prcxrf  submeraibly  replaceable  CormecSor  with  60  of  #14 
RHH/RHWAJSE  Insulated  Stranded  Copper  Lead  Wire  attached 
Pleratic  Compression  Washers. 

Cacainie  OiakAiiods  Mounting  Compananta: 

3  Each  Button  Anode  Cabling  Proterrtion  Asaembly  conaisbng  of  8"  Dia.  x 

Approx.  8"  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2"  thread-o-let  welded  to  one  side  for 
conduit  entrance. 

Rod  Anode  Metalic  Protection  and  Support  Contponartta 

4  Each  3-1/2"x3-1/2'x3/8"Anglelron,13'Long- 

To  be  mataM  behind  periontadptastic  pipe  protacion  for 

Anodee  1S2  i  2S2  only  on  both  galea. 

5  Each  6"  Wide  X  2-1/8"  Deep  X  5/16"  Thick  Steel  "U"  Channel,  11' Long - 

To  be  instated  in  front  of  perforated  plasbc  pipe  protectors  tor 
Anodes  fSS.  1S6. 2S5  i  2S6  only  on  both  galea 

6  Each  4-vyi<iex2-1/8"Deopx5/16"ThickStool"U"Chonnol,11'Long 

To  be  instated  in  hont  of  pertorated  ptastic  pipe  proaectors  tor 

Anodee  1S4  A  2S4  only  on  both  gates 

7  Each  5"  Long  Steel  Pipe  "Anchorages"  -  Cut  from  Std.  2-1/2“  Dia. 

(2-7/8"  O.D.)  Steel  Pipe. 

8  Each  5/i6"x4"/Lnchorage  Boltwith  1  WasherandS/ie'I.O.  Ring 

Tounge  TAB"  Connector  with  9"  of  #8  AWO  Strand  Coppw 
Insuhted  Grounding  Cable  attached.  Also  indude  2  Ptaatic  Caps 
for  covering  Bolt  Head  and  Nut 

9  Each  Pints  "Epoxy*  for  filing  Anchorage  and  Bolt  Cape 

Strtig  Anode  Perfiorstted  Ptalic  Pipe  PnAectoie 

10  Each  3- Dia.  X  30' Long  Schedule  80  PVC  Pipe  perforated  with  1-1/27  Dia 

Holes  on  2"  Contois  on  180  Degrees  of  Pipe  Surface.  See  Detail 
Sheets. 

11  Each  20"  Long  X  3"  Dia.  Schedule  80  PVC"non-porforate<f  Pipe  for 

penetrattone  thru  girders. 

12  Each  3-1/2"  Schedule  80  PVC  Plastic  Pipe  Adaptorfor  use  at  upper 

termination  of  3"  Perforated  Pipe  run. 

13  Each  Schedule  80  PVC  Pipe  Couplhgeomploto  with  solvont  welding 

adhaeivs 

MMi  elisnnnin  Hardware 

14  Each  Joelyn  Cat  No.  J-1944  Clevis  with  Insukttor  No.  J-99  for 

suspending  string  anodes. 

15  Each  3- X  3"  X  3"  Long /Vnglo  Iron  Brackets  for  Clovis  string  anorJo 

support 

16  Lot  CondulCondulots.  Watertight  Condut  Girder  Pentration  Fittings, 

"U"  Bolt  Condul  Clampe,  etc. 

17  Each  44  Tormnal  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 

Fittmge,  Hoffman  Typo  4X  Fiberglass  Case  with  S.S.  fittingo.  Cat 
No.  A-30H2410GQLRP. 

18  Each  Dual  Output  Circul  Cathodic  Protection  Rectifier  with  D.C.oulput 

capacity  per  Circul  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circuft.  in  "Ice 
Cream  Cart"  Hot  Dip  Galvaneed  Case.  (NOTE:  This  rectifier 
will  actually  food  both  the  upetream  and  downstream  surfaces  of 
oneloafonly.  Thera  wiU  be  a  total  of  four  (4)  roctifiors  for  all 
four  (4)  gats  leaves,) 


16I 

9 

Each 

16 

10 

Each 

112 

11 

Each 

16 

12 

Each 

224 

13 

Each 

16 

14 

Each 

16 

15 

Each 

1 

16 

Lot 

1 

17 

Each 

1 

18 

Each 

$601,13  $4,809.04  1-5 
1-7 


$502.30  $16,073.60  1-5  i  D 
I-5B  D 


$77.00  $616.00  I -5B 


$37.01  $444.12  1-7 

1-6 
1-1 

$214.75  $1,718.00  1-6 
1-1 


$780.00  1-6 
1-7 


$579.68  1-6 
$147.68  1-6 

$184.00  1-6 


$197.00  $3,152.00  1-7 
1-9 
1-6 


$15.30  $244.80  1-6 


$12.50  $2,800.00  1-6 
1-7 


$61.76  1-5 


$1,000.00  $1,000.00 


$929.00  I -8A 


$2,361.00  $2,361.00  1-6 
1-7 


jcontigoncyforFreight,  Breakage,  Spares.  Lost  ComponerSs.  etc.  15.0%  $5,473.18j  |  j 

#1  Qfil  06  TOT.  MAT’LS.  COST  ESTIMATEl 
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U.S.  ARMY  C  Eati  DETAltED  COST  ESTIMATE 
IMPfCSSED  CURRENT  CATHODIC  PROTECTION  SYSTEM 
FOR  HKE  iStANO  tOCK  A  DAM  WTBI  GATES 
PRB»ABIEPBy;<>>tTpioeoii^ian»»>  1^^^  PHNCffAt  BIQIMEBI;  Jamag  &  Suatamn 


1  Uostream  Surface  of  Uostream  Oates  (Both  Leafs) 

Item 

U.’I'.  I’l-i* 

Quant 

No. 

Unt 

Oascription 

ItUn— Hf$. 

lEEl 

lEoi 

1 

6 

1  1 

Assemblia 

1/8"  Dianwtor  Expand-a-Hod  Anode  Aaaambliaa  consisting  of 

6.0 

18.0 

1^0 

12.0 

1-5 

1 

6  Car- Anode  Part  No.  EAR-4  Anode  Rods,  each  4  Ft  Long, 

1-7 

"A-A" 

I 

Screw  Coi|)led  Togettwr  with  Car- Anode  Part  No.  EAfl-ICC-  40 
Wateiproo<  Connectof  attached  to  top  end  of  assent 

40'  of  #14  Type  RHH/RHWAJSE  Inaiialed  Stranded  Copper 

1-1 

"B-B" 

Lead  Wire  attached. 

32 

i  2 

Assemblies 

12*  OianMter  Orsfall  Disk  Anode  Assatnblr  with  5*  Diameter 

20.0 

60.0 

40.0 

40.0 

1-5  4 

D 

I 

Ceramic  Coated  Anode  Assembly,  Cer-a-Node  Part  No.  LSA. 
complete  with  Cer-a-Node  Part  No.  LSA-12-5-CC-60  Water¬ 
proof  siiinwrably  replacaabla  Conrmctor  with  60'  of  #14 
RHH/RFM/AJSE  Instietad  Stranded  Copper  Lead  Wra  attached 
Plastic  Compression  Washsra. 

I-5B 

D 

C«rafiiie  DMc  Anods  Mounting  CompuiwiMm. 

8 

3 

Each 

Button  Anod«  Cabling  Protection  Aaaembty  oonsistmg  ot  8*  Oia.  x 
Approx.  8*  tong  Schedule  40  Ppe  Thread^  on  one  end  and  fitteo 
with  pipe  cap  and  1 /2”  thread -o- let  welded  to  one  side  for 
conduit  entrance. 

I-5B 

K 

Hod  Anode  MetalAc  PratBction  and  Si^ipart  Coirponante 

12 

4 

Each 

a-l/Zxa-l/ST'xa/S-Ariglalron,  13'  Long- 

4.0 

12.0 

8.0 

8.0 

1-7 

K 

To  be  inete/hd  behind  perforated  plastic  ppe  proteaaea  for 

1-6 

L 

Anodat  1S2  i  2S2  only  on  both  gataa. 

1-1 

Note* 

81  5 

Each 

6"  Wide  X  2-  1/ar  Deep  x  S/ie"  Thick  Steel  V  Ctaimel.  11'  Long  - 

To  be  installed  in  front  of  perforated  plastic  pipe  protedora  for 

1-6 

ao. 

Anodaa  1S5,  1S6.  2SS  S  2S6  only  on  both  galas 

1-1 

Note  1 

4 

6 

Each 

4- Wide  X  2-1/8*  Deep  X  5/16- Thick  Steel  trChannei.  11’  Long 
To  be  installed  in  fror*  of  perforated  piaatic  pipe  protedora  for 

1-6 

LQ 

Anodes  1S4  A2S4  ontyonboth  gates 

16 

7 

Each 

5*  Long  Steel  Ppe  "Anchofagea”  -  Cut  from  Std.  2-1/2"  Dia. 

(2-7fl"  O.D.)  Steel  Pipe. 

1-6 

N 

16 

8 

Each 

5/16"  X  4- Anchorage  BoHwith  1  Washer  arxf  5/18*  I.D.  Ring 
lounge  TAB"  Connector  with  8*  o(  #8  AWO  Strand  Copper 
Insuteted  OroiMidir>g  Cable  attached.  Also  include  2  Plaetic  Caps 
for  covefir>g  Bolt  Head  and  Nut 

1-6 

N 

16 

9 

Each 

Pints  "Epoxy"  for  filling  Anchorage  and  Bolt  Caps 

1-6 

N 

String  Anode  Perforated  Plaatic  Pipe  RotecSora 

16 

10 

Each 

3"  Dia.  X  30*  Lorrg  Schedule  60  PVC  Pipe  perforated  ¥vilh 

8.0 

24.0 

16.0 

16.0 

1-7 

K 

1-1/?  Dia.  Holes  on  ?  Centers  on  1M  Degrees  of  Pipe  Surface. 

1-9 

X 

See  Detail  Sheets.  Includes  Items  No,  15, 16, 17  &  18 

1-6 

LM 

112 

11 

Each 

20"  U^ng  x  3"  Dia.  Schedule  80  PVC  “non-perforatecf  Ppe  for 
penetiationB  thru  girders. 

16 

12 

Each 

3-1/?  Schedule  60  PVC  Plastic  Pipe  Adapterfor  use  at  ipper 
termination  of  3"  Perforatad  Pipe  run. 

1-6 

L 

224 

13 

Each 

SchsdiAs  80  PVC  Pipe  Cotfiiing  complete  with  solvert  iwelding 

1-6 

L 

adhesNe 

1-7 

K 

MfocolaneouB  Hardware 

16 

14 

Bich 

JostynCat  No.  J- 1944  Clevis  with  Insulator  No.  KS— 25  for  sus¬ 
pending  string  anodes.  Indudea  Kerns  No.19,  20,  21.  22  &  23****^ 

8.0 

24.0 

16.0 

16.0 

1-5 

F 

16 

15 

Each 

3"  X  3"  X  3"  Long  Angle  Iron  Brackets  for  devie  string  anode 
sipport 

1-5 

F 

1 

16 

Lot 

Conduk,  Condulets,  Watertight  Conduit  Girder  Ponbstion  Fioings, 
IT  Bolt  Conduit  damps,  etc. 

1 

17 

Each 

44  Termjnal  (with  0.01  ohm  Shunts)  Anode  Termral  Box  with  all 
FiHinga,  Hofman  Type  4X  Fbergtan  Caae  with  S.S.  fittinge.  Cat 
No,  A-30H2410GQLRP. 

I-8A 

1 

18 

Eacti 

Duel  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 

1.0 

1-6 

1 

capacity  par  CIrcuil  of  10  Amperes  at  24  Volts,  manual  tap 
adjuetmentof  output  vofiage  in  20  steps  for  each  circuit,  in  Tee 
Cream  Cart"  Hot  Dip  QaNenized  Casa. 

1-7 

ifTi’trr’-Tg;’.'!  .1  ■Ijfvra-’.VJJ  1 1 1 

imiimrij 

■MEilj 

92 

92 

iv.'i'tfla  '  .I.*#.  »')>s' 

$75 

$60 

$55 

$45 

S50 

I 

..JIM. 

$3,525 

$8,280 

:  $5,060 

$4,140 

1 

_ 

■ren 

■BBBI 

uniiiiiiiniiimi 

■BWil 

1  i 

191 

10,0%ContioefiBylor«matf«H'  doiwr8.  j 

■Ei^l 

$414! 

$23.105.50TOTAL  LABOR  COST  ESTIMATE  1 
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Unit 

DauriPtion 

Cost  1 

Cost 

E9I 

Nos. 

string 

darmic  do«a<i  Titanium  Anoda  Aaaimbfcm  (AHanuta  #1) 

MV  Diamatar  Continuous  Hod  Anode  Aatambiaa  consisting  o< 

36'  long  x  1/8"  Oia.  ■nR-2000  Caramic  Standard  Weight  Coated 
Titanium  Hod  with  Factory  Completed  Water  Proot  Connection  to 

40’  of  #14  Type  RHH/RHWAJSE  Insulated  Stranded  Copper 

Lead  Wiio  attached,  Materials  Protection  Company  Part 

No.  MPPRA-125  -36-STD-40/14 

$386.17 

$3,089.36  ! 

1 

1-5  1 

1-7 

1-1 

■A-A^ 

'B-B 

Assemblies 

1 2-  Diameter  Overall  Disk  Anode  Assembly  with  S"  Diameter 

Ceramic  Coated  Arwde  Assembly,  Car-Anode  Part  No.  LSA. 
complete  with  Cer-A/XKle  Part  No.  LSA-12-5-CC-60  Water¬ 
proof  submeraibly  replaoeable  Connector  with  60'  of  #14 
RHH/RHWAJSE  InsUated  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

$502.30  ! 

^16,073.60 

1-5$ 

1-5B 

D 

D 

Each 

Conmic  Disk  Anode  Uourding  Componerte: 

Button  /tnode  Cabling  Protection  Assembly  consedng  of  8“  Dia.  x 
Approx.  8"  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
with  pipe  cap  and  1/2"  thread-o-let  welded  to  one  side  lor 
condul.  entrance. 

$77,00 

$2,464.00 

I-5B 

K 

Each 

Hod  Anode  Metalic  Protectioo  and  8»6>poft  Componams 

3-1/2'x3-1/2"x3/8'Anglelron,  10' Long  - 

To  be  mstalM  behind  poriormtad  plastic  pipe  proleclon  for 

Anodes  IS2  i  2S2  only  on  both  gates. 

$37.01 

$148.04 

1-7 

1-6 

1-1 

K 

L 

Nor  t,  3*4 

j  Each 

6*  Wide  X  2- 1/8"  Deep  x  S/ie-  Thick  Steel  'AJ"  Channel.  16’  Long  - 
To  be  installed  in  front  of  Anodes  1S2  i2S2onlyon  both  gates 

$297.06 

$1,188,241 

] 

1-6 

1-1 

R.Q, 
Note  1 

lEach 

4"  Long  Steel  Pipe  ‘Collaia"  -  Cut  from  Std.  4‘  Dia.  (4- 1/2"  O.D.) 
Steel  Pipe 

$8.80 

$492,801 

1 

1-6 

1-7 

L,Q 

K 

Each 

5"  Long  Steel  Pipe  ■Anchorages''  -  Cut  from  Std.  2-1/2“  Dia. 
{2-7/r  O.D.)  Steel  Pipe. 

$3623 

$289,841 

1-6 

N 

Each 

5/16“  X  4"  /trtchorage  Bolt  with  1  Washer  and  5/15“  I.D.  Ring 

Tounge  TiB'  Connector  with  9“  of  #8  AWQ  Strand  Copper 
Insutated  Qrounding  Cable  attached.  Also  Incfode  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

$923 

$73.84 

1-6 

N 

Each 

Pints  ■Epoxy'  for  fiiling  Anchorage  and  Bolt  Caps 

$11.50 

$92.00 

1-6 

N 

Each 

String  Anode  Portofated  Plastic  Pipe  PraSsctors 

3“  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with  1  - 1/?  Dia 
Holos  on  Z  Centers  on  180  Degrees  of  Pipe  Surface.  See  Detail 
Sheets. 

$197,00 

$1,576.00 

1-7 

1-9 

1-6 

K 

X 

L.M 

Each 

20"  Long  X  3“  Dia.  Schedule  80  PVC  “non-peiferaterf  Pipe  for 
penetratiorts  thru  girdera. 

$4.60 

$257.60 

! 

1 

:  Each 

3  -  1/Z  Schedule  80  PVC  Plastic  Pipe  AdafXer  for  use  at  upper 
temiination  of  3“  Perforated  Pipe  run. 

$15.30 

$122.40 

11-6 

L 

1  Each 

Schedule  80  PVC  Pipe  Coupirig  cixnplete  with  solvent  weldrig 
adhesiwa 

$12.50 

$1,400.00 

1-6 

1-7 

L 

K 

‘  Each 

MlsceHaneoua  Hardnsera 

JostynCat  No.  J- 1944  Clevis  with  Insulator  No.  J-99  tor 
susperxiing  string  anorles. 

$4.50 

$36.00 

1-5 

F 

1  Each 

3“  X  3“  X  T  Long  Angle  Iron  Brackets  for  clevis  siring  anrxle 
support 

$3.86 

$30.88 

1-5 

F 

)  Lot 

Conduit.  Condulets,  Watertight  Conduit  Girder  Pentration  Fittings. 
Bolt  Conduit  Clamps,  etc. 

$1,000.00 

$1,000.00 

'  Each 

44  Terminal  (with  0.01  ohm  Shunts)  Artode  TermirtaJ  Box  with  ail 
Fittings.  Hoffman  Typo  4X  Fiber^ass  Case  with  S.S.  fittings.  Cat 
No.  A-30H2410QQLHP. 

$929.00 

$929.00 

I-8A 

3  Each 

Dual  Output  Circuit  Cathodic  Protection  Rectifier  with  D.C.  output 
capacty  per  Circiit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustment  of  output  voltage  in  20  steps  for  each  circiit  in  Ice 
Cream  Cait“  Hot  Dip  Galvanizsd  Case.  (NOTE:  This  rectifier 
will  actually  feed  both  the  upstream  and  downriream  surfaces  of 
onolerionly.  There  will  be  a  total  of  four  (4)  rectilers  for  all 
four  (4)  gate  loaves.) 

$2,361.00 

$2,361.00 

1-6 

1-7 

3  Lot 

Contigency  for  Freight  Breakage,  Spares.  Lost  Componenls,  etc. 

15.(Wt 

,  $4,743.69 

1 

Unt 


1  String 


U.Si  ARMY  C-EHiL.  DETAILED  COST  ESTIMATE 
ll«>RESSED  CURRENT  CATHODIC  PROTECTION  SYSTEM 
FOR  raCE  tStAM>  LOCK  ADAU  MmES  OATES 
(>f)B>ARaT  BY:  Cmm  CompoiMS.  ino.  PHNCIPM.  ENGINEER:  June*  B.  Bushman 


Upstream  Surface  of  Upstream  Gates  IBoth  Leafs 


aanaim  Anode  Aisambeae  (AMemate  #1 

1/8*  Diameter  Continuous  Rod  Anode  Assembles  consebng  ot 
36'  long  x  1/8"  Dia.  TlR-2000  Ceramic  Standard  Weight  Coated 
Titaniutn  Rod  with  Factory  Completed  Water  Proof  Connection  to 
40'  of  #14  Type  RHH/RHW/USE  Insufetod  Stranded  Copper 

Lead  Wire  attached.  Materials  Protection  Company  Part 
No.  MPPRA-125  -36-STD-40/14 

s  12*  Diameter  Overall  Disk  Anode  Aasembly  with  5*  Diameter 
Ceramic  Coated  Anode  Aaaembly,  Cer-Anods  Part  No.  LSA. 
complete  with  Cer-Anode  Part  No.  LSA-12-5-CC-60  Wator- 
proot  submersibly  replaoeabla  Connector  with  60'  of  #14 
RHH/RHWAJSE  Insiiated  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

Ceramic  DWc  Anode  Mounting  CooiponanM:  I 

Button  A/X)de  Cabling  Protection  Assembly  corrsisbng  ot  8*  DIa.  x  | 
Approx.  8*  Long  Scbeduie  40  Pipe  Threaded  on  one  end  and  fittsd 
with  pipe  cap  and  1/2*  thread -o -let  welded  to  one  side  for 
condui  entrarrce.  _ 

Rod  Anode  Msrelir  Protection  and  Support  (Componenti 

3-1/2“  X  3-1/2*  x  3/8*  Angle  Iron.  10'  Long  - 

To  be  installed  behind  perforated  piastic  pipe  protectors  tor 

Amdes1S2  A  2S2  only  on  both  gstes. 

5“  Widox2-1/8*  Deep  x  5/16“  Thick  Steel  II"  Channel.  16'  Long  - 
To  be  installed  in  front  of  Anodes  1S2  &  2S2  only  on  both  gates 

4"  Long  Steel  Pipe  ■Collars*  -  Cut  from  Sfd.  4“  Dia.  (4- 1/2*  O.D.) 
Steel  Pipe 

5“  Long  Steel  Pipe  ■Arrchofagos"  -  Cut  from  Sid.  2-1/2*  Dia. 
(2-7/8*  0.0.)  Steel  Pipe. 

5/16*  X  4*  Anchorage  Bolt  with  1  Washer  and  5/IF  1.0.  Ring 
ToungoTiB*  Connector  with  9*  of  #8  AWQ  Strand  Copper 
Insuiatad  Oroundrig  Cable  attached.  Also  IrKlude  2  Plastic  Caps 
for  cowering  Bolt  Head  and  NuL 

Pints  ‘Epoxy*  for  fillrig  AiKhorage  and  Bolt  Caps 


Siring  Anode  Perforated  Plastic  npa  ProtacSora 

T  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with 
1-1/2*  Ola.  Holea  on  2*  Centers  on  180  Degrees  oi  Pipe  Surface. 
See  Detail  Sheets.  Includes  Items  No.  15. 16. 17  &  18  **** 

20*  Long  X  3*  Dia.  Schedule  80  PVC  *rKxi- perforated*  Pipe  tor 
psnetratiora  thru  girders. 

3-1/2*  Schedule  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
termination  of  3*  Perforated  Pipe  run. 

Schedule  80  PVC  Pipe  Coupirig  complete  with  sofwent  welding 
adhesive 

MieoailansouB  Hardware 

Joslyn  Cat  No.  J-1944  Clevis  with  Insulator  No.  KS-25  for  sus¬ 
pending  string  arxKtes.  Irrcludos  Items  No.19.  20.  21 . 22  i  23****‘ 

3*  X  3*  X  3*  Long  Angie  Iron  Brackets  for  clevis  string  a/rode 
support 

Conduit  Conduleta.  Watertight  Conduit  Girder  Psntrabon  Fittings. 
*U*  Bolt  Conduit  Clampa.  etc. 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  TertninaJ  Box  with  all 
Fittings.  Hoffman  Type  4X  Fiberglass  Case  with  S.S.  fittinge.  Cat. 
No.  A-30H2410GQLflP. 


12.0  12.0 


4S.0  32.0  32.0 


12.0  8.0  8.0 


8.0  24.0  16.0  16.0 


I-5  I 
I-7  -A-A" 

■B-B" 

1-1 


I-5&  !D 
I-5B  ID 


1-56 

K 

i-7 

I 

K  ! 

1-6 

L 

1-1 

Nol8l  2A4| 

1-6 

R.Q, 

1-1 

Note  1  1 

1-6 

L.Q 

1-7 

K 

1-6 

N 

1-6 

N 

1-6 

N 

1-7 

K 

1-9 

X 

1-6 

L.M 

1 

1-6 

L 

1-6 

1 

L  ! 

1-7 

K 

Dual  Output  Circiit  Cathodic  Protection  Rectifisr  with  D.C.  output 
capaciy  per  Grcuit  of  10  /Mnperss  at  24  Volts,  manual  tap 
adjustment  ot  output  voltage  in  20  steps  for  each  circiit  in  “Ice 
Cream  CarT  Hot  Dip  Galvanized  Case. 


$315 1  $768  $462  :  :  $378 


21.153.00  TOTAL  LABOR  COST  ESTIMATE 


- -  u^.  AI«W  C?E.ftti  DETAILED  CC^  ESTIMWE 

lll«>l«SSED  GUJW»rr  CATHODIC  FIKjTECTlON  SYSTEM 

PRn»»ffm Kyi: CamroCampaniMi  1^^  PlWWaPAt BWIjittjt_j;me;B;_Bu»hin«n^ 


QuanU 


ItenT 

No. 


Downstream  Surface  of  Upstream  Gatea  {Both  Leafg) 


161 


121 


16| 


16! 


161 


161 


161 


112! 


224 


Ur^ 


String# 


Assemblies 


10 


13 


16i  -14 

lej  15 

I 

i 

1  I  16 

I 

li  17 


Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Each 

Lot 

Each 


ij  18  Each 


19 


Lot 


£«iaiiw  Coalsd  I fc«nii«iX»cIi!M««Bib6a« 

1 /S' Dtametof  Contmuoua  Anode  AaaembttB*  oonaiating  o< 

36'  Long  x  1/8"  Dia.  nR-2000  Ceramic  Standard  Weight  Coated 
Titarium  Hod  with  Factor  Compteted  Water  Proof  Connection  to 
40'  of  #  14  Type  RHH/RHWAJSE  Insuhted  Stranded  Copper 
Lead  Wire  Attached,  MaterialB  Protection  Company  Part 
No.  MPPRA-125  -36-STD-40/14 

12"  Dianeter  Overall  DIak  Anode  Aaaembly  with  S'  Diameta 
Ceramic  Coated  Arwde  Aaaembty,  Cer-Mode  Part  No.  LSA 
compiete  with  Cer-Anode  Part  No.  LSA-12-5-CC-80  Water 
proof  submeraitjiy  repiaoeabie  Connertor  vath  60  of  #14 
RHH/RHW/USE  Inauiated  Stranded  Copper  Lead  Wire  attached 
Ptaatic  Comproaaion  Waahere. 

Caramic  Dick  Aiioda  Mounting  Cornponents: 

Button  Anode  Cabling  Protection  Aaaembly  conaiating  of  S'  Dia.  x 
Approx.  S'  Long  Schedule  40  Pipe  Threaded  on  one  end  and  fitted 
[with  pipe  cap  and  l/ythread-o-let  welded  to  or>e  aide  for 
conduit  entrance. 

Rod  Anoda  UataiSc  Proteciian  and  Support  Companarts 

!3-1/2'x3-1/2'x3/8'Anglelron.10'Long 

"  To  bakataiod  behind  periontod  plastic  pipaprotocton  tor 

Anodes  1S4,  1S5.  1S6.  2S4,2SS  S  2S6  only  on  both  gatea 
S'  Wide  X  2-  I/S'  Deep  x  5/16'  Thick  Steel  11'  Channel.  16'  Long 

TobeinstaledinfrontofpedonledplaaPcpipapfotecloietor 

Anodes  ISS,  1S6, 2SS  S  2S6  only  on  both  gatae 

4'  Long  Steel  Pipe  ■Colhra'  -  Cut  from  Std.  4'  Dia.  (4-1/2'  O.D.) 
Steel  Pipe 

S'  Long  Steel  Pipe  'Anchoragea'  -  Cut  from  Std.  2-1/2'  Dia. 
(Z-7/fr  O.D.)  Steel  Pipe. 

5/16' X  4' Anchorage  Bolt  with  1  Waaherand  5/15"  I.D.  Ring 
Tourrge  TiB'  Connector  with  O'  of  #8  AWQ  Strand  CoppiK 
Inaubted  Grounding  Cable  attached.  Alao  include  2  Plaatic  Capa 
for  covering  Bolt  Head  and  NuL 

Pinta  ■Epoxy'  for  filing  Anchorage  and  Bolt  Capa 

Sirkig  Anode  Perforated  Ptaatic  Pipe  Preaecaota 

30'  of  S'  Dia.  Schedule  80  PVC  Pipe  perforated  with  1-1/2'  Dia. 
Holae  on  2'  Centera  on  180  Degreae  of  Pipe  Surface.  See  Detail 
Sheela. 

20'  Long  xr  Dia.  Schedule  80  PVC  'non-perforaterf  Pipe  for 
perretratione  thru  girdere. 

1/2- Schedule  80  PVC  Plaatic  Pipe  Adaptor  for  uoe  at  upper 

j  terminetion  of  S'  Perforated  Pipe  run. 

Schedule  80  PVC  Pipe  Coupiiig  complete  with  aotvont  welding 


-rrar 

Cost 


$386.17 


$502.30 


Extended 

Coat 


$6,178.72 


$4,016.40 


Dwa.  F 


No.  I  Noa. 


1-5 

1-7 


1-1 


UiacalMneoua  Hardware 

Joelyn  Cat  No.  J-1944  Clevia  with  Inautalor  No.  J-99  for 

suspending  string  anodsa. 

S'  X  S'  X  S'  Long  Anglo  Iron  Brackets  for  clevis  string  anode 
support 

Condul,  Condulots,  Watertight  ConduJ  Girder  Pentralion  Fittings, 
IT  Bolt  Condul  Clampo.  etc. 

44  Termnal  (with  0.01  ohm  Shurta)  ArKxio  Tormirai  Box  with  all 
Finmgs.  Hoffman  Type  4X  Fiberglaas  Case  with  S.S.  flttlnge.  Cat 
No.  A-30H2410QQLHP.  (NOTE:  One  (1)  each  Is  required  tor 

each  ^to  leaf  or  a  tofcl  of  four  (4)  ore  required  for  the  project.) 

Dual  Output  Circul  Cathodic  Protection  Rectifior  with  D  C.  output 
capacity  par  Circul  of  10  Amperes  at  24  Volta,  manual  tap 
adjustment  of  output  voltago  in  20  atope  for  each  arcuL  In  Ice 
Cream  CarT  Hot  Dip  QaNanizod  Caae.  (NOTE:  This  rectifier 
wil  actually  food  both  the  upstream  and  downstream  surfaces  of 

oneleafonly.  There  will  bo  a  total  of  tour  (4)  roctifioiB  for  the 

project) 


Icontioencv  for  Freight  Breakaoe.  Soares.  Lost  Componerla  g^,  | 


$77.00 

$37.01 

$214.75 

$8.80 

$3623 

$923 

$11.50 

$197.00 

$4.60 

$15.30 

$12.50 

$4.50 

$3.86 

$1,000.00 

$929.00 

$2,361.00 


1-5  i 
I-5B 


$616.00 

$444.12 

$1,718.00 

$140.80 

$579.68 

$147.68 

$184.00 

$3,152.00 

$515.20 

$244.80 

$2,800.00 

$72.00 

$61.76 

$1,000.00 

$929.00 

$2,361.00 


I-5B 


1-7 

1-6 

1-1 


1-6 

1-1 


1-6 

1-7 


1-6 


-6 


S3.774 


'A-A' 

'B-B 


K 

L 

NotBI  2S4 


R.Q. 

Note  1 


-7 
I -9 
1-6 


-6 


1-6 

1-7 


1-5 


1-5 


I-8A 


1-6 

1-7 


L.Q 

K 


K 

X 

L,M 


S28.937.63  TOT.  MAT’LS.  COST  ESTIMATE 


M27 


U  S.  AfW¥  C.E.Rl-  DETARfi3  <XJST  ESTIMATE 
IMPRESSED  CUW«NT  CATHODIC  PROTECTION  SYSTBM 
K>RnKEiSUWOU>CI(ADNiMrTBIQATES^^^^^^^^«^ 


1 

Downstream  Surface  of  UDstream  Gates  (Both 

Leafs) 

USEBml 

■HI 

imi" 

IE3 

312221 

IEEE 

IIbI 

Unt 

Oaacfvtion 

iczsz 

5C5HI! 

3C2H!! 

liiai 

IC^s 

1 

Ceramic  Coatsd  'nsnium  Anode  Asssmbim  |Akamats  #1) 

1£ 

i 

Strings 

1/8*  DiBmetsr  Continuous  Anode  Assembliet  consisting  of 

120 

24.C 

24.C 

24.C 

1-5 

1 

36'  Long  x  1/8“  Dia.  TlR-2000  Ceramic  Standard  Weight  Coated 

1-7 

“A-A” 

TAaniuni  Hod  with  Factor  Completed  Water  Prod  Connection  to 
40' d  #  14  Type  RHH/RHW/USE  Insulated  Stranded  Copper 

Lead  Wire  Attached.  MatarialB  Protection  Company  Part 

No.  MPPRA-12S-36-STD-40/14 

1-1 

•B-B" 

8 

£ 

Assembliei 

E  12"  Diameter  Oiak  Anode  Assembi/  with  5*  Diameter 

4.0 

8.0 

8.0 

8.0 

1-5  i 

D 

Ceramic  Coated  Anode  Assembly,  Cer- Anode  Part  No.  LSA 
complete  with  Cer-Anode  Part  No.  LSA-  12-S-CC-60  Water- 
prod  8ti>merBl}|y  repbceabb  Corvwctor  with  60*  d  #14 
RHH/RI^AJSE  Insubated  Stranded  Copper  Lead  Wire  attached 
Ptasbc  Compression  Washera. 

I-5B 

D 

Ceramic  Disk  Anode  Mounting  Componsms; 

B 

3 

Each 

Button  Anode  Cablir>g  Protection  Assembly  consisbng  d  8*  Dia.  x 
Approx  6"  Long  SchedUe  40  Ppe  Threaded  on  one  end  and  fitte< 
with  cap  and  1 /2"  thread -o- let  weided  to  one  side  for 

condUt  ertrarx^e. 

• 

• 

« 

* 

I-5B 

K 

Hod  Anode  Hetalfic  Protection  end  Si^iport  Con^>onenlB 

12 

4 

&ch 

a-l/ZxS-l/^xa/a-Angialfoa  10' Long 

12.0 

24.0 

24.0 

24.0 

1-7 

K 

To  be  instalhd  behind  pefforated  plastic  pipe  pfoiectcn  hr 

1-6 

L 

1 

Anodes  1S4,  ISS,  1S6.  2S4. 2S5  i2S6or^y  on  boih  gates 

1-1 

NotMaM 

8 

1  5 

Each 

6*  Wide  X  2-  l/y  Deep  x  5/16*  Thick  Steal  V"  O^rmel,  16'  Long 

•• 

l-B 

R.Q. 

1 

To  be  instalM  in  front  of  perlbmted  ptasbc  pipe  protecton  for 
Anodes  1S5,  1S6,  2S5  A2S6  oniyon  bothgatea 

1-1 

Note  1 

16 

6 

Each 

4"  Long  Steel  Ppe  ■CoHais"  -  Cut  from  Std.  4*  Dia.  (4-1/7  O.D.) 

*• 

•• 

*• 

I-6 

LQ 

Steel  P^e 

I-7 

K 

16 

7 

Each 

5*  Long  Steel  Ppe  ■Anchorages"  -  Cut  from  Std.  2-1/2“  Dio. 
(2-7fl“  O.Q.)  Steel  Ppe. 

** 

•• 

«« 

•• 

I-6 

N 

16 

8 

Each 

5/16“  X  4*  Anchorage  BoHwitti  1  Washer  and  S/171.0.  Ring 
Tounge  *TiB“  Corxiector  with  9“  of  #8  AWG  Strand  Copper 
Insulated  Grounding  Cable  attached.  Also  include  2  Pfatsbc  Caps 
for  covering  Soft  Head  and  Nut 

*• 

** 

•* 

•• 

I-6 

N 

16 

9 

Each 

Pints  “Epojy  for  filling  Anchorage  and  Bolt  Caps 

•• 

•• 

•• 

•• 

I-6 

N 

Strmg  Anode  Perfuieled  Plaetir  npe  Protecfcira 

16 

10 

Each 

30'  of  3*  Dia.  Schedule  80  PVC  Pipe  perforated  with  1  - 1/2”  Dia. 

16.0 

3Z0 

32.0 

32.0 

I-7 

K 

HoleB  on  2*  Certera  on  180  Degrees  of  Ppe  Surface.  See  Detal 

1-9 

X 

Sheets. 

1-6 

LM 

1  112 

11 

Each 

20”  Lor>g  x  3*  Dia.  Schedule  80  PVC  *non-perforate<f  Ppe  for 
penetrabons  thru  girders. 

*** 

*** 

**W 

16 

12 

Each 

3-iy?  Schedule  80  PVC  Plastic  Pipe  Mopterfor  ueeatipper 
termiiBtion  of  3”  Perforated  Pipe  rua 

*** 

*** 

**« 

... 

1-6 

L 

224 

13 

Each 

Schedule  80  PVC  Ppe  Cotpling  compMa  with  sofvent  welding 

*** 

1-6 

L 

adhaewa 

1-7 

K 

Hlaoelanaoia  Hardouie 

16 

14 

Each 

JoefynCat  No.  J- 1944  Clevis  with  Irwuiatof  No.  J-99for 
suH>endir>g  string  anodes. 

8.0 

24.0 

16.0 

16.0 

1-5 

F 

16 

15 

Each 

3“  X  3“  x  3“  Lorig  Arigie  Iron  Brackets  for  clevis  string  anode 
sipport 

1-5 

F 

1 

16 

Lot 

CorxfuiL  Condulets.  Watertight  Conduit  Girder  Per^rsbon  Fittings. 
*U”  Bolt  Conduit  Clamps,  etc. 

1 

17 

Each 

44  Terminal  (with  0.01  ohm  Shunts)  Anode  Terminai  Box  with  all 
FitlingB.  Hofman  Type  4X  Fbergbn  Case  with  S.S.  fittings.  Cat 

I-8A 

Mo.  A— 30H2410GQLRP.  (NOTE:  One  (1)  eech  is  requirad  for 

9ach  gate  leaf  or  a  total  of  four  (4)  are  required  for  the  project) 

1 

18 

Each 

XbJ  Output  Circuit  Cathodic  Protection  Recijfiar  with  D.C.  output 

1.0 

-6 

1 

> 

( 

rapacity  per  Circuit  of  10  Amperes  at  24  Volts.  manusJ  tap 
idjuBimertof  output  vottaga  in  20  staps  for  each  circuit  ki  Ice 
Dream  CaiT  Hot  Dip  GaKranizad  Cbm.  (NOTE:  This  recbfiar 
wMadually  faad  both  the  ipstraam  and  downsbeam  surtaces  of 
tna  leaf  orify.  There  will  be  a  total  of  four  (4)  recbfiara  tor  the 

-7 

JPir* Lu -L ^ '  •  =  •'  *  •'■dlHHBBI 

■Kill 

■um 

■U!£ll 

WgH 

j 

V-lVi:  TJnr.Tnfti-rrT  --v 

KHIdl 

K£i!» 

KlidI 

! 

I 

•  IIST^'  ft  I.*  *'«.  .’.-.lb  V- 

ifKIUdl 

ixnai 

idttijlt 

:D[£XII 

1 

i9r 

_ 

$23.204.50  TOTAL  LABOR  COST  ESTIMATE 


M28 


-  U  S- ARMY  C.E.R.L.  DETAILED  COST  ESTIMATE 

IMPfffiSSEO  CURRENT  CATHODIC  PROTECTION  SYSTEM 

IMBI 

□wa.  R 

if«r*ne« 

Item 

No 

Ur^ 

Description 

Unit 

Coat 

tnanoea 

Coat 

No. 

Noa. 

8 

1 

,  d««intc  Co«t»d  lamimi  Anode  A— ambi—  #1) 

Strings  !  i  /8“  Diameter  Continuous  Rod  Anode  AssamWie*  consisting  o< 

44'  long  X  1/8“  Dta.  TlR-2000  Ceramic  Standard  Weight  Coated 
Titanium  Rod  with  Factory  Completed  Water  Proot  Connection  to 
40’of  #  14Type  RHH/RHW/USE  Insulated  Stranded  Copper 

Lead  Wire  attached,  Material  Protection  Company  Part 
;No.  MPPRA-125  -44-STD-40/14 

$474.85 

$3,798.80 

1-5 

1-7 

1-1 

<  CO 

1  1 

<  CO 

401 

2 

Assemblies  12“  Dianeter  Overall  Disk  Artode  Assembly  with  5“  Diameter 

Ceramic  Coated  Anode  Assembly,  Cer-Anode  Part  No.  LSA 
comptete  with  Cer-Anode  Part  No.  LSA-12-5-CC-60  Water- 
prool  submeraibly  replacoable  Connector  with  60’  ol  #14 
i  RHH/RHWAJSE  Insulated  Stranded  Copper  Lead  Wire  aOached 
Plastic  Compression  Washera. 

$502.30 

$20,092.00 

1-5  4 
I-5B 

1 

i 

D 

D 

i 

40 

i 

i 

3 

Each 

CeofiHC  Diak  Anode  Mounting  Componartfs; 

Button  Artode  Cabling  Protection  Assembly  consisting  o<  8“  Dia.  x 
Approx.  8“  Long  Schedule  40  Pipe  Threeded  on  one  end  and  fitted 
with  pipe  cap  and  1/2“  thread-o-let  welded  to  one  side  lor 
conduit  entrance. 

$77.00 

$3,080.00 

I-5B 

K 

:  ^ 

1 

4 

Each 

Rod  Anode  Uetalic  Protection  and  Support  ConHxmente 

3-1/2“x3-1/2“x3/8“  Angle  Iron,  10'Long- 

To  be  instatad  behind  pariontod  plaabc  pipe  protadofS  tor 

Anodee  1S2  &  2SS  only  on  both  gataa. 

$37.01 

$146.04 

1-7 

1-6 

1-1 

Noin  ft44  j 

4 

5 

Each 

6“  Wide  X  2-1/8“  Deep  X  5/16“  Thick  Steel  “U“  Channel.  16'  Long  - 
TabainstaledinfrontofAnodea  1S2i2S2onlYonbolhgataa 

$297.06 

$1,188.24 

1-6 

1-1 

R.Q.  i 
Note  1  ! 

56 

6 

Each 

4“  Long  Steel  Pipe  ■CollarB“  -  Cut  from  Std.  4“  Dia.  (4-1/2“  O.D.) 
Steel  Pipe 

$8.80 

$492.80 

1-6 

1-7 

L.Q 

K  i 

1 

i  8 

7 

Each 

5“  Long  Steel  Pipe  “Arrchoragos"  -  Cut  from  Std.  2-1/2“  Dia. 
(2-7/8“  O.D.)  Steel  Pipe. 

$36.23 

$289.84 

1-6 

N 

! 

i 

8 

j 

8 

Each 

5/16“  X  4“  Anchorage  Bolt  with  1  Washer  and  5/15“  I.D.  Ring 
lounge  “TiB“  Connector  with  9“  of  #8  AWG  Strand  Copper 
Insuhted  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

$9.23 

$73.84 

1-6 

N 

i  8 

9 

Each 

Pints  “Epoxy*  for  filing  Anchorage  and  Bolt  Caps 

$11.50 

$92.00 

1-6 

N  ! 

S 

10 

Each 

Hod  Anode  Perforated  Plastic  Pipa  ProSacSota 

3“  Dia.  X  30'  Long  Schedule  80  PVC  Pipe  perforated  with  1  - 1/2“  Dia 
Holes  on  2“  Centers  on  180  Degrees  of  Pipe  Surface.  See  Detail 
Sheets. 

$197.00 

$1,576,00 

1-7 

1-9 

1-6 

K 

X 

L,M 

144 

11 

Each 

20“  Long  x  3“  Dia.  Schedule  80  PVC  “non-perforated’  Pipe  for 
panetratiora  thnj  girders. 

$4.60 

$662.40 

8 

12 

Each 

3-1/2“  Schedule  80  PVC  Plastic  Pipe  Adapter  for  use  at  upper 
termin^ion  of  3“  Perforated  Pipe  run. 

$15.30 

$122.40 

1-6 

L 

j  288 

13 

Each 

Schodute  80  PVC  Pipe  Coupliig  comptete  with  solvent  welding 
act>e8rve 

$12.50 

$3,600.00 

1-6 

1-7 

L 

K 

8 

14 

Each 

Mlacella  neons  Hardware 

Joslyn  Cat.  No.  J  - 1 944  Clevis  with  Insu  Wor  No.  J  -99  for 
suspending  string  anodes. 

$4.50 

$36.00 

1-5 

F 

!  8 

15 

Each 

:  3“  X  3“  X  3“  Long  /Vngle  Iron  Brackets  for  clevis  string  anode 
support. 

$3.86 

$30.88 

1-5 

F 

1 

16 

Lot 

Condui,  Condulets.  Watertight  Condul  Girder  Pontration  Fittings, 
V“  Bott  Condul  Clamps,  etc. 

$1,000.00 

$1,000.00 

i 

I  1 

17 

Each 

44  Termiial  (with  0.01  ohm  Shunts)  Anode  Terminal  Box  with  all 
Fittings,  Hoffman  Type  4X  Fiberglass  Case  with  S.S.  fittings.  Cat. 
No.  A-30H2410GQLRP. 

$929.00 

$929.00 

I-8A 

1 

i 

18 

i 

Each 

Dual  Output  Circul  Cathodic  Protection  Rectifier  with  D  C.  output 
,  capacity  per  Circul  of  10  /Vnperes  at  24  Volts,  manual  tap 
ac^ustment  of  output  voltage  in  20  stepe  for  each  circul,  in  Ice 
Cream  Cart*  Hot  Dip  Galvanized  Case.  (NOTE:  This  rectifier 
wM  actually  feed  both  the  upstream  and  downstream  surfaces  of 

1  one  leaf  only.  Thera  will  be  a  total  of  four  (4)  rectifiers  for  all 
four  (4)  gate  leaves.) 

$2,361.00 

$2,361.00 

1-6 

1-7 

;  1 

19 

Lot 

Contigency  for  Freight,  Breakage,  Spares,  Lost  Componerta.  etc. 

15.0% 

$5,935.99 

i - - - - -  S45.509.?3TOT.  MAT-LS.  CUSI  tS 
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U.S.  AMilY  C:E:R.L;  OOAil^  COST  ESTIIM 
iMPRESSEO  GURRENr  CAIMODlG  PROTECTION  SYSTEM 
ron  HKE  ttUNO  tOCK  «L  DAI»  IHTB)  QATB8 
PI«»AHB>  BY  eonpre  Cci«ii»i«nia^  teifci  B.  BurtuM 


UDStream  Surface  of  Downstraam  Gates  (Both 

Leafs 

1 . 

Quant 

ftem 

.  No. 

Un» 

OsscriDtion 

Far  MM 

litaR-Hn 

mn  nn. 

Mvi-Hn 

1  li  wr 

hUn-Hfi 

Mtoa. 

Man-Hn 

m 

\m\ 

Ceramic  Coated  nanum  Anode  Aetambiat  (Mtomate  #1) 

1 

8 

1 

Strings 

1/8“  Diameter  Continuous  Rod  Anode  Assambiea  corvistmg  o< 

6.0 

18.0 

12.0 

12.0 

1-5 

1 

44'  long  X 1/8“  Dia.  T1R-2000  Ceramic  Standard  Weight  Coated 

1-7 

”A-A“ 

Titanium  Rod  with  Factory  Completed  Water  Proof  Connection  to 
40'  of  #  14  Type  RHH/RhWAJSE  Insulated  Stranded  Copper 

Lead  Wire  attached,  Matedal  Protection  Company  Part 

No.  MPPRA-125-44-STD-40/14 

1-1 

■B-B 

40 

2 

Assemblia 

12“  Diameter  O/erall  Disk  Anode  Assembly  with  S“  Diameter 
Ceramic  Coated  Anode  Assembly,  Cer- Anode  Part  No.  LSA 
comptote  with  Cer- Anode  Part  No.  LSA-12-5-CC-60  Water- 

20.0 

60.0 

40.0 

40.0 

1-5  & 

D 

i 

proof  submersfcly  repktceebla  Connector  with  60'  of  #14 
RHH/RFSA//USE  Inetiated  Sbartded  Copper  Lead  Wire  attacfwd 
Plastic  Compression  Washers. 

I-5B 

D 

Ceramic  Oiak  Anode  Uourting  Componarda; 

40 

3 

Each 

Button  Anode  Cabling  Protection  Aasembly  consistng  of  BT  Dia.  x 
Approx.  S*  Long  Schedule  40  Ppe  Thread^  on  one  end  and  fittec 
with  cap  and  1/2"thread-o— let  welded  to  one  side  for 

conduit  entrance. 

• 

* 

* 

I-5B 

K 

Rod  Anode  tletolfc?  Protection  and  Si^iport  Componenta 

4 

4 

Each 

3-1/7  X  3-1/2“  X  3/8“  Angle  Iron,  10' Long  - 

4.0 

1Z0 

8.0 

8.0 

1-7 

K 

To  be  hstalled  behind  poiiorated  plastic  pipo  pmtectaa  for 

1-6 

L 

Anodes  1S2S2S2onty  on  both  gates. 

1-1 

Notes  344 

4 

5 

Each 

e*  Wide  X  2- 1/8"  Deep  x  5/16"  Thick  Steel  IT  Channel,  18’  Long  - 

*« 

** 

-* 

•  * 

1-6 

R.Q. 

To  be  incited  in  front  of  Anodes  1S2&2S2  on/yon  both  gates 

1-1 

Note  1  i 

56 

6 

Each 

4"  Long  Steel  Pipe  “Collars"  -  Cut  from  Std.  4"  Dia.  (4—1/?  O.D.) 

■  * 

*« 

** 

1-6 

UQ 

steel  Ppe 

1-7 

K 

8 

7 

Each 

5“  long  Steel  P^  “Anchorages"  -  Cut  from  Std.  2-1/2"  Dia. 
(2-7/8"  O.D.)  Steel  Ppe. 

** 

•• 

1-6 

N 

S 

8 

Each 

5/1 6"  X  4*  Anchorage  Bolt  with  1  Washer  and  5/17 1.D.  Ring 
Tomge  H'&B*  Connector  with  9*  of  #8  AWO  Strand  Copper 
Insulated  (3roundir>g  Cable  attached.  Also  Indude  2  Plastic  Caps 
for  covering  Bolt  Head  and  Nut 

** 

** 

«• 

1-6 

N 

8 

9 

Each 

Pints  'EpoiY'  for  filling  AtKhorage  and  Bolt  Caps 

•« 

•  « 

1-6 

N 

Hod  Anode  Perforated  Plealic  Pip*  Protectora 

8 

10 

Each 

3*  Ola.  X  40’  Long  Schedule  60  PVC  Pipe  perforated  with  1-1/2*  D 

8.0 

24.0 

16.0 

16.0 

1-7 

K 

Holes  on  T  Carters  on  180  Oegreee  of  Ppe  Surface.  See  Detail 

1-9 

X 

Sheets. 

1-6 

LM 

144 

11 

Each 

20"  Lor>g  x  3"  Dia.  Schedule  80  PVC  "non-perforaterf'  Ppe  for 
penetratione  thru  girders. 

8 

12 

Each 

3-1/?  Schedule  80  PVC  Plastic  Ppe  Adapter  for  use  at  upper 
termination  of  3"  Perforated  Ppe  nia 

1-6 

L 

1 

288 

13 

Each 

Schedule  80  PVC  Pf>e  Cot^iling  complete  with  solvent  welding 

1-6 

L 

adheewe 

1-7 

K 

IlieoolwiaouB  Hardaraiv 

8 

14 

Each 

JoatynCat  No.  J- 1 944  Ctevia  with  Insulator  No.  J-99for 
suaperxling  string  anodes. 

8.0 

24.0 

16.0 

16.0 

1-5 

F 

8 

15 

Each 

3“  X  3“  X  3“  Long  Angie  Iron  Brackets  for  clevis  string  anode 
support 

1-5 

F 

1 

16 

Lot 

Conduit  Condulets,  Watertight  Conduit  Girder  Pentislion  Rttings, 
"LT  Bolt  Corfouit  darrps,  etc. 

1 

17 

&ch 

44  Terminal  (wkh  0.01  ohm  Shunts)  Anode  Termiraii  Box  with  all 
FiOingB,  Hoffran  Type  4X  Fbergtan  Case  with  S.S.  fittings.  Cat 
No.  A-30H2410QQLRP. 

I-8A 

1 

18 

Each 

Dual  Output  Circuit  Cathodic  Protection  Rectihorwith  D.C.  output 

1-6 

capadly  per  Circuit  of  10  Amperes  at  24  Volts,  manual  tap 
adjustmert  of  output  voltags  in  20  steps  for  each  circuil.  In  Ice 
Cream  CarT  Hot  Dip  Qalvanized  Case.  (NOTE:  This  rectKisr 
<vf  1  actually  feed  both  the  i^istream  arxl  downstream  •urtacas  o( 
one  leaf  only.  There  will  be  a  total  of  four  (4)  rectifieis  for  all 
our  (4)  gate  leaves.) 

1-7 

ratal  of  Malt  Hours  for  each  labor  rlnaatarmfinn: 

46 

138 

92 

92 

wtmi 

■BSI 

ieee  t^bqrCoetCfltknala  tor  each  Labor  riw  sail rntinn*  } 

$3,450  i 

$8,280  ( 

'tSrOeoi 

$4,140  i 

1 

19 

■sai 

■El^i 

Ksiai 

ESDI 

i 

$23.023.00TOTAL  LABOR  COST  ESTIMATE  ( 

M30 


U.S.  AraiY  C.E.R.L.  DETAILED  COST  ESnriMATE 
IMTOESSED  CUHHBTT  CATHODIC  PROTHTTraW  SYSTByi 
POP  POIEtSLAMD  LOCK  A  out  ICTER  GATES 
PfgPAHED BY:  Cbnpro GcwwpenlM. Inn  Pt«<aPALB<(MWgftjOTii«Sjuri»naw_ 


Downstream  Surface  of  Downstream  Gates  (Both  Leafs) 


HlfTV 

ISErvz] 

Unft 

Descrsjtion 

Cost 

No. 

Nos. 

MgT^^rtTnsr-m-TT.'nTiT.  ■  ■..r-TTV.v..'  -uw 

8 

1 

Strings 

W  Dianwter  Continuous  Rod  Anode  Assemblies  consistng  of 

$354.00 

$a832.00 

1-5 

1 

24'  Long  x  1/8"  Dia.  TlR-2000  Ceramic  Standard  Weight  Coaled 

1-7 

"A-A" 

Trtanium  Rod  with  Factory  Completed  Water  Proof  Connection  to 
Waterproof  Connector  attached  to  top  erxJ  of  assembly  to 

50'  of  #14  RHH/RHW/USE  Insulated  Stranded  Copper 

Lead  Wire  allached.  Materials  Protection  Company  Part 

No.  MPPRA-125-24-STD-5(V14 

1-1 

"8-B 

32 

2 

Assemblies 

1Z  Diametor  Overal  Disk  Anode  Aasembty  with  S'  Diameter 

$502.30 

$16,07360 

1-5  & 

D 

Ceramic  Coated  Anode  Assembly.  Cer-Ar>oda  Part  No.  LSA 
complete  iMth  Cer-Arxxle  Part  No.  LSA— 12-5-CC— 60  Water¬ 
proof  SLbmerafcty  replaceable  Connector  wath  60  of  #14 

I-5B 

D 

RHH/RHWAtSE  Insulatsd  Stranded  Copper  Lead  Wire  attached 
Plastic  Compression  Washers. 

Ceramic  Onfc  Anorla  tIoisSinq  ComponarSs: 

8 

3 

Each 

Button  ArxxleCabing  Protection  Assembly  consistirrg  of  8"  Dia.  x 

$77.00 

$616.00 

I-5B 

K 

Approx,  er  Long  Schedule  40  Ppe  Threaded  on  one  end  arxl  fitted 
with  ppe  0^  arxt  1/2*  thread-o-let  welded  to  orre  side  for 

corxluit  entiarrce. 

Rod  Anode  UefoBc  Protactian  and  Sifiport  Campaneras 

12 

4 

Each 

3-1/2"  X  3-1/2"  X  3/0“  Arrgle  Iron  13'  Lorig 

$37.01 

$444.12 

1-7 

K 

To  be  instaUad  behind  pefiomted  plastic  pipe  protecton  kx 

1-6 

L 

Anodes  1S4,  fSSi  1S6,  2S4,  2S5  S  2SS  only  an  both  gates 

1-1 

Notn 

8 

5 

Each 

6"  Wide  X  2- 1/8"  Deep  X  5/16"  Thick  Steel  •VCharmai,  11'  Long 

S214.75 

$1,718.00 

1-6 

R,Q. 

To  be  installed  in  front  at  periorated  pkadc  pipe  pratecton  ioc 
Anodes  iSa,  1S6.  2S5  &  296  onty  on  both  gates 

1-1 

Note  1 

4 

6 

Each 

4“  Wide  X  2- 1/8“  Deep  X  5/16"  Thick  Steal 'VChanrrei,  11'  Long 

To  be  installed  in  front  of  perfotated  plastic  pipe  pratectois  for 
Anodes  194  &  294  only  on  both  gates 

$195.00 

$780.00 

1-2 

Note  1 

16 

7 

Each 

S"  Long  Steel  Pipe  ■Anchoragee'  -  Cut  from  Std.  2-1/2"  Dia. 

$36.23 

$579.68 

1-6 

L.Q 

(2-7/8"  O.D.)  Steal  Ppe 

1-7 

K 

16 

8 

Each 

5/16"  X  4“  /tnehorage  Bolt  with  1  Washer  and  5/1  S'  I.D.  Ring 
Tounge  TiB"  Connector  with  S'  of  #8  AWG  Strand  Copper 

$9.23 

$147.68 

1-6 

N 

Insulated  Grounding  Cable  attached.  Abo  ndude  2  Pbatic  Caps 
for  co>/erir>g  Bolt  Head  orxl  Nut 

1-6 

N 

16 

g 

Each 

Pints  tpoory"  tor  filfing  Anchorage  and  Bo*  Caps 

$11.50 

$184.00 

String  Anode  Perforated  Ptsstic  Protectors 

16 

10 

Each 

SC  of  3"  Dia.  &hedii8  80  PVC  Pipe  perforated  with  1-1/2"  Dia. 

$197.00 

$3,152.00 

1-7 

K 

Holee  on  2"Centere  on  100  OogrsaBof  PpeSuitsce.  SeetMail 

1-9 

X 

Sheets. 

1-6 

UM 

112 

11 

Each 

20"  Long  x  T  Dta.  Schedtie  80  PVC  "non-petfotatocf  Ppe  for 
penetratione  thru  girdere. 

$4.60 

$515.20 

16 

12 

Each 

3-1/?' Schedule  80  PVC  Ptasbc  Pipe  Adapter  for  use  ati^per 
termration  of  3"  Perfomted  Pipe  rua 

S4.60 

$73.60 

1-6 

L 

224 

13 

Each 

Schedule  80  PVC  Ppe  Coipling  corrplete  with  soNent  welding 

$1250 

S? 800.00 

1-6 

L 

adhaeve 

1-7 

K 

UiirrrleiiBnf  Hardware 

16 

14 

Each 

Joelyn  Cat  No.  J-1944  Cle^  vMth  Insubtor  No.  J-90  for 
susperfoing  string  anodes. 

$4.50 

$72.00 

1-5 

F 

16 

15 

Each 

r  x  3"  X  3“  Long  Angle  Iron  Brackets  for  ctoris  string  arxxte 
sipport 

$3.86 

$61.76 

1-5 

F 

1 

16 

Lot 

Corxiuit  Condulets.  Watsrtight  Condu*  Girder  Pentiation  Fittings. 
V"  Bo*  Condu*  Ctamps,  sic. 

$1,000.00 

$1,000.00 

1 

17 

Each 

44  Terminal  (with  0.01  ohm  Shurts)  Anode  Tarminai  Box  withal 

$929.00 

$929.00 

i-aA 

Fittings,  Hoffman  Type  AX  Fbergbss  Case  S.S.  fittings.  Cal. 

No.  A-30H2410GQLRP.  (NOTE:  One  (1)  each  b  required  for 

each  gate  leaf  or  a  total  of  four  (4)  are  requited  for  the  project) 

1 

18 

Each 

Dual  Output  Ckcu*  Cathodic  Protection  Rectifier  mlh  O.C.  output 

$2,361.00 

$2361.00 

1-6 

capacity  per  Ckcu*  of  10  Amperee  at  24  Vo*s.  manuel  tap 
adjustimnlof  output  vo*aga  in  20  steps  for  each  ckcu*.  in  Ice 

1-7 

Cream  Cart"  Hot  Dp  GaNanizad  Casa.  (NOTE:  This  lectilisr 
wM  actualy  feed  both  the  upstream  arxl  dcwTOtream  surlacse  of 

ooeleafotky.  There  w*  be  a  total  of  four  (4)  rectifiers  for  the 
project) 

1 

19 

Lot 

15.0% 

$5,150.95 

Dwg.  Rsfsrsncs 
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U^  ARMV  C.EJlt.  DETAILED  COST  ESTIMATE 
MmESSB}  CURRerr  CA1KOOIC  protection  system 

FOR  PWE  ntANO  UXIXA  DMI MRER  GATES 


1  Downstream  Surface  of  Downstream  Gates  (Bot 

h  Leafs) 

lEEwnsBai 

Keen 

I..'"  !  '■ 

UMMnr 

lleiS 

Quant 

No. 

Unft 

I'l  ,3.  it 

ItUn-Hra 

IBSBBEI 

MM 

ICES 

■.rrT‘-T^r-r:srTTT7T.rr?rT.~rrr-^OT-7r-T-i>i 

8 

1  1 

i  Strings 

1/3*  Dtamater  Eiqiand-a-Flod  Anode  Aassmb lias  Consisting  cf 

6.0 

18.0 

1Z0 

120 

1-5 

1 

1 

6  Car-Anode  pit  No.  EAR-4  Anode  Bods,  each  4  ft  Long, 

1-7 

"A-A’ 

Sciew  Cotpled  Togettwr  with  Car-Anode  Part  No.  EAR-KX:-40 
V^^rtwproof  Cermet  attactied  to  top  and  of  assent ly  1^ 

40'  of  #  14  Type  RHHiRHWAJSE  Insulated  Stranded  Copper 

1-1 

■B-B 

Lead  Wire  attached. 

32 

1  2 

!  Assemblies 

17  OisiTieter  Oversil  Disk  Anode  Assembly  Mih  5“  Diametar 
Ceramic  Ccelad  Anode  Aseembly.  Car-Anode  Part  No.  LSA 
complete  wsih  Car-Anode  Part  No.  LSA- 12-5- CC-60  Water- 

20.0 

60.0 

40.0 

40.0 

1-5  & 

D 

proot  8tA>mersi>ty  replaoeable  Cormacton^^  dO*  of  #14 
RHH/RHWAJSE  Insuiatad  Stranded  Copper  Lead  Mhe  attached 
Plastic  Compression  Washers. 

I-5B 

D 

Ceramic  Oiik  Anode  Uouniing  Campanants: 

8 

1  3 

Each 

Button  Anode  Cabing  Protection  Assembly  consisting  of  ST  Dia.  x 
Approx  6”  Lorrg  Scheduie  40  Ppe  Threaded  on  one  end  and  fitted 
^th  cap  and  1/2*  thread -o-iet  waided  to  one  side  lor 

corrduit  entrance. 

I-5B 

K 

Rod  Anode  IfcilaKc  Projection  end  Siyport  Component 

12|  4 

Each 

3- 1/7  X  3- 1/7  X  3/7  Angle  Iroa  13'  Long 

4.0 

120 

8.0 

8.0 

1-7 

K 

1 

To  be  installed  behind  periomlad  plastic  pipa  protacton  for 

1-6 

L 

i 

Anodes  1S4,  1S5,  136,  234,  235  S  236  only  on  both  gstas 

1-1 

no(m 

1 

1  ^ 

5 

Each 

F  Mdex  2-1/8"  Deep  X  5/16"  Thick  Steel  VChanrW,  11’  Long 

i-fi 

R.Q, 

To  be  inafaHod  in  front  of  p^rforKted  fyktatic  pifM  pfotscion  hr 
Anodes  1SS.  1$6,  2SSSi2S6onfyonbothgatee 

i-r 

Note  1 

4 

6 

Each 

4"  Wdex  2- 1/8"  Deep  X  5/16*  Thick  Steel  VChannei,  11'  Lorrg 
To  be  inatsMed  in  front  of  perkmad  pieatic  pipe  pfotecton  for 
Anodes  1S4  A  2S4  onfy  on  both  gsies 

16 

7 

Each 

S”  Lorrg  Steal  Pipe  "Arrehorages"  -  Cut  from  Std.  2-1/2"  Dia. 

I-6 

LQ 

(2-7/B-O.D.)  steel  Pipe. 

I-7 

K 

16 

3 

Each 

5/16’  X  4’  Anchorage  Bo*  wath  1  Washer  and  5/15"  I.D.  Ring 
Tourrge  TiB"  Comoctor  yelh  7  of  #8  AWQ  Strand  Copper 

I-6 

N 

InsulBtod  Grounding  Cable  attached.  Also  include  2  Plastic  Caps 
for  ocvering  Bok  Head  and  NuL 

I-6 

N 

16 

9 

Each 

Pints  ^poxy*  for  filing  Anchorage  and  Bot  Caps 

String  Anode  Perforated  Plirtr  Protadora 

I-6 

N 

16 

10 

Each 

OO*  of  7  Dia.  Schedule  80  PVC  Pipe  perforated  1-1/7  Dia. 

Hdae  on  7  Centers  on  180  Degrees  of  P^  Surface.  See  Detail 
Sheets. 

8.0 

24.0 

16.0 

16.0 

I-7 

K 

I-9 

X 

112 

11 

Each 

27  Long  x  7  Dia.  Schedule  80  PVC  “hon-perforated“  Ppe  lor 
penetrationB  thru  girders. 

I-6 

LM 

16 

12 

Each 

3-1/7  Schedde80  PVC  Plastic  Ppe  Adapter  for  use  at  i4>per 
termiration  of  7  Perforated  rurv 

224 

13 

Each 

Schadula  80  PVC  Pipe  Coiaiing  compMa  with  sokranl  waUing 
adhaciva 

I-6 

L 

Ifiaoefeureoua  Hardware 

I-7 

K 

161 

14 

Each 

Joslyn  CaL  No.  J-1944  Cfovis  wAh  Insulstor  No.  J-99  for 
suafMTviing  strirrg  anodea. 

ao 

24.0 

16.0 

16.0 

161 

15 

Each 

3*  X  7  x  3*  Long  Angie  Iron  Brackets  for  clevie  string  anode 

si^ipoft 

I-5 

F 

1 ; 

16 

Lot 

Conduit.  ConduleCs,  Watertight  Conduit  Girder  Pentralion  Fittings, 
V  Bot  Conduit  Cfarnpe.  etc. 

1  i 

17 

Each 

44  Tamninal  (with  0.01  ohm  Shurta)  /Lnoda  Tenranai  Bok  with  al 
Rttinga,  Hoffman  Type  4X  Rberglass  Case  Mih  S.S.  liltings.  Cat 
No.  A-30H2410GQLRP.  (NOTE:  One  (1)  each  is  requrad  for 
each  gate  leef  or  a  total  of  four  (4)  are  nsquited  for  the  project) 

l-BA 

ii 

18 

Each 

Dual  Output  Circut  Cathodic  Proteclfon  Heedfisr  with  D.C.  output 
capacily  per  Circuit  of  lOAnpersa  at  24  Vote,  menuei  tap 
adjustment  of  output  voffaga  in  20  steps  for  each  circuiL  in  Ice 

1.0 

I-6 

Cream  Cart*  Hot  Djp  GaNanizad  Caae  (NOTE:  Thia  rectfiar 
wii  actualy  teed  both  the  iftstraam  and  downatraem  sukicea  ol 
one  leaf  otily.  There  wtl  be  a  total  of  four  (4)  rectifiers  for  the 
project)  _  _  _  _ 

I-7 

lb.  '*..1 "  '.atvi  vranm*;— 

47 

138 

92 

92 

mil 

»wii 

H2]l 

■231 

■ 

> '  1 •”*’4 •  1  ^ '  1 1 ■  -t'g  ■  ^*s*tiMIHBI 

1SE3I 

1  ■ 

191 

10.0%  Coniinenev  iof  iwwilhwr  defcrw,  6te^  \ 

mss3i 

■SBI 

■■i 

* 

$23.105.50  total  LABOR  COST  ESTIMATE 
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